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PATTERN 



Assistant Commissioner of Patents 
P.O. Box. 1450 • 
Alexandria, Virginia 22313-1450 



I, Dr James Mackay, a British citizen of Suite 4, Clarldge House, 32 Davies Street, London, 
W1K4ND; . 



declare as follows: 



1 . I am an accredited medical oncologist on the Specialist register of the General 
Medical Council, and I am a Fellow of the Royal Colleges of Physicians of Edinburgh and 
of London. I am a Consultant Clinical Genetic Oncologist in the research department of 
Genetics, Evolution and Environment In University College London. 1 6ee patients as a 
Consultant Physician In The London Clinic, The London Oncology Clinic and The London 
Breast Clinic, My specialist areas of academic research and clinical practice are in canper 
genetics, the management of familial cancer, screening for breast and ovarian cancer and 
the Introduction of Innovative laboratory technology into the clinical oare of the canoer 
patient, and the diagnosis of early canoer. A copy of my ourriculum vitae Is attached 
(Annex 1). 

2. I have reviewed US 6,190,857 (Ralph et al) and have been asked to provide my 
opinion on how I would have Interpreted the teachings and suggestions In that document In 
April 1997. Ih particular I have been directed to the teaching In column 9, line 66 to column 
'10, line 6 which refers to applying the described method to discover disease markers for 
any disease state that affects peripheral blood leukocytes suoh as metastatic or organ 
defined cancer. 
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3. I believe that the comments set forth In column 9 referring to organ defined oanoer 
are based on the results obtained with organ confined prostate cancer samples, reported In 
column 6, from line 61 which I assume relates to the results presented In column 94, line 
43 to column 95, line 17. The passage In column 5 states that the method allows the 
Identification of patients with organ confined prostate cancer (relative to those with benign 
prostatic hyperplasia) using analysis of PSA and lU-B gene products and this is. the 
conclusion of the results presented In columns 94 and 95. 

4. . In the results presented In columns 94 and 95 patients with stage A to C organ 
confined prostate cancer were examined. A significant proportion of those patients would 
have already developed metastatic disease. It was well known at the time that patients 
who have prostate oancer which appears to be confined to the organ (that Is the prostate) 
often have already developed metastatic disease, which may Indeed be low volume 
disease at Initial presentation but which declares Itself with time. Newman (1996, 
Radiologic Technology, Volume 88, No. 1, p39-84, enclosed as Annex 2) reports that up to 
25% of patients with stage A prostate cancer have early evidence of metastatic disease 
when examined with sensitive molecular biological techniques (page 60, left hand column). 
Selden eta/ (1994, Journal of Clinical Oncology, Volume 12, No. 12, p2634-2839, enclosed 
as Annex 3) confirms that some localized prostate cancer stages (stages A to C) have 
metastasized, see Table 3 on page 2836 and page 2637, left hand column, bottom 5 lines. 
Furthermore, In the progression to metastasis, oancer cells begin to exhibit Intrinsic 
properties which may be used as clinically detectable Indicators of oells which have 
metastatic potential. Cells with metastatic potential are thus subtlety different to pre- 
metastatic cancer cells and can be expected to have released debris or cellular 
components which would ultimately appear in the peripheral blood system even before 
metastasis has occurred. 

5. I believe that the skilled person reading the work of Ralph ef a/, would understand 
that the method described by Ralph ef a/ was basBd on release of cancer cells, their debris 
or cellular components Into the peripheral blood system resulting In direct interaction 
between cancer cells (or their debris or cellular components) and cells of the peripheral 
blood system, thereby affecting gene expression In those blood cells- Ralph ef si states 
that direct contact between the sample to be analyzed and the diseased cells te necessary 
for performance of the method. This Is evident from column 47, line 17 which refers to the 
type of sample to be used. There It Is stated that any biological fluid may be used that 
comes Into contact with diseased tissues, It Is further stated In column 52, lines 1-4, that In 
the case of early stages of the disease states, the immune response may be localized, e.g. 
to lymph nodes Immediately surrounding a metastasizing tumour. 

6. The Ralph ef al method would thus, at most, be expected to allow the subtle 
detection of the very earliest signs of metastatic disease In cancers In which oancer cells or 
their debris or cellular components have been released and are In direct contact with blood 
cells, Organ confined prostate cancers would fall within this group In view of the fact that 
most organ confined prostate cancers have already released cells, their debris or cellular 
components Into the bloodstream, I.e. have-cells with metastatic potential or are metastatic 
In nature. 

7. However, disease presentation in prostate and breast cancer Is different. Organ 
confined breast cancer Is not equivalent to organ confined prostate cancer. Whereas In 



prostate cancer the cells of most organ confined cancers already exhibit metastatic 
potential or the oancer has already progressed to metastatic disease, In breast cancer we 
see a different spectrum of disease presentation. The vast majority of very small breast 
cancers detected by regular mammography screening never develop metastatic disease. 
The % of patients who have involved lymph nodes at diagnosis Is low. Only a few patients 
with small node negative tumours at diagnosis will go on to develop metastases within 5 
years of diagnosis, and these patients are considered to have particularly blologloaliy 
aggressive disease at diagnosis. However, In the clinical care of breast patients, cancer 
confined to the organ (that Is the breast) covers a very wide spectrum of disease from early 
to very advanced. 

8. in prostate cancer, many organ confined cancers, even some apparently early stage 
prostata cancers would have developed to the metastatic stage, I.e. the cells display 
metastatic potential or the disease Is metastatic. In contrast, In breast cancer, few organ 
confined oancers would have even developed cells with metastatic potential and those that 
had would be at the advanced stage. Very early stage breast cancer would not present 
any cells with metastatic potential. 

9. As mentioned above In paragraph 6, It la my view that the skilled person would 
believe that the Ralph et at method could only be extended to cancers In which contact ■ 
between the cancer cells (or their debris or cellular components) and peripheral blood cells 
occurred. The method Is therefore applicable once the first signs of cells with metastatic 
potential or metastasis appear. Since organ confined breast cancer which la still at an 
early stage does not hove cells with metastatic potential, one would not expect that the 
peripheral blood cells could come Into contact with metastatic breast cancer cells or their 
debris or cellular components at that stage. As a consequence. I am of the opinion that 
the skilled person when reading Ralph ef al would not consider applying the teaching to the 
analysis of very early stage breast cancer and would not expect tfiat such a method would 
be successful. The skilled person would expect that cancers to be detected would need to 
have cells exhibiting metastatic potential or have become metastatic. This would not 
Include very early stage breast cancer since such cancers do not have cells exhibiting 
metastatic potential. 

10. The passage bridging columns 9 and 10 would have been Interpreted in that 
context. The reference to applying the method to organ defined cancer would necessarily 
have bsen Interpreted at the time of the Invention as applying to organ defined cancers In 
which the ceils being analyzed had had direct contact with cancer cells (or their debris or 
cellular components). As a consequence, If peripheral blood were to be used, the method 
could only be applied to organ defined cancers In which peripheral blood cells had had 
direct contact with canoer cellB or their debris or cellular components. As It was known that 
very early stage breast cancer does not exhibit any signs of metastatic potential or 
metastasis, the skilled person would assume that the reference to organ defined oancer In 
columns 9 and 10 could not apply to very early stage breast cancer and would have had no 
reason to apply the method to analysis of such cancers. In view of the teaching there 
would have been no expectation that applying the method to very early stage breast cancer 
would be successful. 

1 1 - The other cited document by Lukas ef a/ would not alter this conclusion. Lukas et al 
looks only at the tumour cells themselves and provides no Information on whether the 
expression of peripheral blood cells would be affected. 
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12. in 19&7 It was surprising even taking Into account the teaching of Ralph et at, that 
very early stage breast cancer could be diagnosed by analyzing peripheral blood samples. 
Ralph ot al was clearly of the view that direct contact between cancer cells and blood cells 
was necessary to alter gene expression In those blood cells. In contrast, the Inventors of 
thelnstant application have found that np such direct contact Is required and they have 
provided, for the first time, a diagnostic method for very early stage breast cancer In which 
gene expression of a peripheral blood sample Is analyzed. 

1 3. I further declare that all statements made herein of my own knowledge are true, and 
that all statements made on Information and belief are believed to be true, and that these 
statements were made with the knowledge that wilful false statements and the like so made 
are punishable by fine or Imprisonment, or both, under Section 1001 of Title 18of tho 
United States Codes, and that such wilful false statements may jeopardize the validity of 
the application and any patent Issuing thereon. 





Data 



ANNEX 1 

Curriculum Vitae of Dr James Mackay 



Dr James Mackay 
MA, MD, FRCP, FRCPE 
Consultant Clinical Genetic Oncologist 



Research Department of Genetics, Evolution and Environment 
University College London 
Wolfson House 
4 Stephenson Way 
London NW1 2HE 
j.mackay@ucl.ac.uk 



Profile 



• Accredited medical oncologist (1995) 

• Experienced in setting up and running clinical cancer genetics services 

• Clinical Adviser to the Cancer Division of the MRC Clinical Trials Unit 

• Member of the Committee on Medical Aspects of Radiation in the Environment appointed by 
Chief Medical Officer; (2005-2007) 

• Joint P.I. of a study collecting family history details and ovarian screening data from 5,000 
well women with a family history of ovarian cancer (UK FOCSS) 

• P.I. of an evaluation of mammographic services in women under 50 with a family history of 
breast cancer; collecting family history information and mammographic data from a cohort of 
10,000 well women aged between 40 and 44 (the FH 01 study) 

• P.I. on the Genetic Breast Cancer Trial; The first randomised prospective trial of cytotoxic 
chemotherapy based on inherited genotype in the world (2004-2007) 

• Clinical lead on the University of Manchester/UCL Clinical e-science Framework Project 
funded by the MRC (C-LEF services) 

• Clinical lead on the Cancerbackup cancer genetics project to provide high class patient 
information on genetic testing and family history in clinical management 

• Chair of the Great Ormond Street Hospital e-medicine committee (2004-2006) 

• Member of the Scientific Advisory Group of the CRUK and UCL Cancer Trials Centre 

• Member of the NCRI Breast Cancer Clinical Studies Group (2002-2007) 

• Member of the NICE Familial Breast Cancer Management Guidelines Development Group 

• Member of the Educational Faculty of the European Society of Medical Oncology 

• ESMO Faculty Coordinator for the Cancer Genetics Faculty Group 

• Chair of the steering committee for the Cancerbackup genetics project 

• Expert Clinical Advisor to Breakthrough Breast Cancer 

• Member of the National Clinical Advisory Board of Maggie's Caring Cancer Centre 

• Visiting Professor in the Institute of Communication and Health at the University of Lugano. 



Education Summary 



1980 BA 


Trinity College, University of Cambridge 


1983 MB, ChB 


University of Edinburgh Medical School 


1984 MA 


Trinity College, University of Cambridge 


1989 MD 


University of Edinburgh Medical School 


1999 FRCPE 


The Royal College of Physicians of Edinburgh 


2000 FRCP 


The Royal College of Physicians of London 


I Current Position 


Consultant Clinical Genetic Oncologist 


The London Oncology Clinic 




95 Harley Street, London 




The London Clinic 




119 Harley Street, London 




The London Breast Clinic 



108 Harley Street, London 
The Princess Grace Hospital 
42-52 Nottingham Place, London 
Nuffield Hospital 
Tunbridge Wells, Kent 
Nuffield Hospital 
Cheltenham 
Nuffield Hospital 
Cambridge 

Ramsay Yorkshire Clinic 
Bingley, West Yorkshire 
Ramsay West Midlands Clinic 
Halesowen, West Midlands 
Ramsay Springfield Hospital 
Chelmsford, Essex 
BMI Alexandra Hospital 
Cheadle, Cheshire 
Spire Lea Hospital 
Cambridge 

Honorary Senior Lecturer Research Department of Genetics, Evolution and Environment 

UCL Wolfson House, 4 Stephenson Way, London 



Career History 

June 2001 - July 2006 

• Consultant Clinical Genetic Oncologist, The North East Thames Clinical Genetics 
Service, The Genetics Unit, Great Ormond Street Hospital NHS Trust, London 

• Hon. Senior Lecturer, The Clinical and Molecular Genetics Unit, The Institute of Child 
Health, University College London 

• Hon. Senior Lecturer, The Department of Medicine, Royal Free and University College 
Medical School, University College London 

• Hon. Senior Lecturer, The Department of Oncology, Royal Free and University College 
Medical School, University College London 



• Hon. Senior Lecturer, The Centre for Health Informatics and Multi-professional 
Education, University College London 

• Hon. Consultant Clinical Genetic Oncologist, The University College London Hospitals 
NHS Trust, London 

• Hon. Consultant Oncologist, The Royal Free Hospital NHS Trust 

• Hon. Senior Lecturer, Division of Haematology and Oncology, Queen Mary and 
Westfield College, The University of London 

• Hon. Consultant Oncologist, The Department of Oncology, St Bartholomew's and the 
Royal London Hospitals NHS Trust 

I was recruited to the North East Thames Clinical Genetics Service in June 2001 to set up cancer 
genetics services in the region. I worked closely with colleagues from four cancer networks to 
establish these services. In April 2004, I presented a report on the programme of investment, 
which I had managed, totalling new recurrent funding of £480,000 over three years, to the 
Regional Specialist Commissioning Group. This report was well received. 
In September 2002, I was appointed as an Honorary Senior lecturer in the Institute of Child 
Health, spending half my time on academic projects within University College London. I then 
initiated and developed remote cancer genetic clinical services using live tele-conferencing 
technology. This became the first regular remote cancer genetics clinic in the world, and has 
helped shape the e-health policy for Great Ormond Street Hospital NHS Trust. 

February 1996 - May 2001 

• Senior Research Associate in the University of Cambridge School of Clinical Medicine 

• Hon Consultant Clinical Oncologist, Addenbrooke's Hospital NHS Trust, Cambridge 

• Hon. Consultant in Cancer Genetics, The Gynaecological Division of the Royal Marsden 
Hospital NHS Trust, London 

• Hop Consultant in Cancer Genetics, The Royal Hospitals NHS Trust St Bartholomew's 
Hospital, London 

• Hon Consultant in Cancer Genetics, Derby Cancer Centre, Derby 

I held this CRC funded position for five years. In close collaboration with colleagues in public 
health, breast surgery, genetics, oncology and radiology, I originated and disseminated a policy 
for the management of women with a family history of breast cancer. These ideas have gained 
wide acceptance. 

With the assistance of one clinical nurse specialist I set up and ran the regional cancer genetics 
service attracting referrals from a region of 2.1/2 million population and extra referrals on a 
supra-regional basis. 

I also ran with the clinical nurse specialist the Cambridge Familial Breast Cancer Clinic, used as 
a model for other familial clinics throughout the region. I acted as expert advisor to a network of 
familial breast clinics run by breast surgeons throughout the region and beyond. 
In. collaboration with Mr Robin Crawford, Consultant Gynaecologist, I set up and ran the 
Addenbrooke's Familial Ovarian Cancer Clinic. 

October 1993 - January 1996 

• I.C.R.F. Clinical Research Fellow and Honorary Senior Registrar in the Department of 
Medical Oncology, Western General Hospital, Edinburgh (JCHMT Accreditation No: 
26/150) . 

I was responsible, with one Consultant, for all adjuvant and advanced disease chemotherapy in 
the Edinburgh Breast Unit, until January 1995. This is the largest Breast Unit in the United 
Kingdom, seeing 450 new cases of breast cancers per year and specialising in myeloablative 
chemotherapy with peripheral blood stem cell support in young women with aggressive 
metastatic disease. 



I then became responsible with 3 Consultants for the South East of Scotland Department of 
Medical Oncology. This busy supraregional service treated patients with a wide variety of 
tumours, specialising in new drug development for the treatment of ovarian, small cell and non 
small cell lung cancers, lymphomas and teratomas. 

1 was on a 1:6 on call rota providing out of hours cover for the Department of Medical Oncology, 
Oncology patients in the Edinburgh Breast Unit and the Department of Haematology in the 
Western General Hospital. 

I had a part-time attachment to the South East of Scotland Clinical Genetics Services, with 
responsibility of the Cancer Genetics Service. The Edinburgh Familial Breast Cancer Clinic sees 
750 new referrals per year and the Familial Ovarian Cancer Clinic see 150 new referrals per 
year. In my general cancer genetics clinic I saw referrals with a family history of polyposis coli, 
non-polyposis colonic cancer and other less common familial cancer syndromes. 



Registrar Posts 



October 1992 - September 1993 Western General Hospital, Edinburgh Department of 

Medical Oncology, Professor J Smyth and Dr R C F Leonard 
August 1992 - September 1992 The Royal Berkshire Hospital, Reading General Medicine & 

Gastroenterology, Dr M Myzor 
February 1992 - July 1992 The Royal Berkshire Hospital, Reading General Medicine, 

Diabetes & Endocrinology, Dr H Simpson 
August 1991 - January 1992 The Royal Berkshire Hospital, Reading General Medicine & 

Nephrology, Dr R Naik 

February 1991 - July 1991 Battle Hospital, ReadingNeurology and Acute Care of the 

ElderlyDr N Hyman and Dr R Allen-Narker 
August 1990 - January 1991 Western General Hospital, EdinburghDepartment of 

Radiation OncologyDr A Gregor and Dr G Howard 
December 1 989 - July 1 990 Western General Hospital, EdinburghDepartment of Medical 

OncologyProfessor J F Smyth and Dr R C F Leonard 
August 1985 - July 1988 Royal Infirmary of EdinburghAccident & Emergency 

DepartmentDr K Little 



Senior House Officer Posts 



February 1985 - July 1985 Royal Infirmary of EdinburghAccident and Emergency 

DepartmentDr K Little 

August 1984 - January 1985 Royal Hospital for Sick Children, EdinburghPaediatric 
SurgeryMrW H Bisset and Mr G A McKinley 



House Officer Posts 



SURGERY 

February 1984 - July 1985 Royal Infirmary of Edinburgh, Wards 7/8Professor Sir Patrick" 

Forrest 

MEDICINE 

August 1983 - January 1984 Eastern General Hospital, EdinburghDr J Nimmo and Dr R J 
Kellett 



Major Current Grants 



CRUK National Familial Ovarian Cancer Screening Study. Joint principal investigator with 
Professor Ian Jacobs, Director, Institute of Womens Health, UCL, London. CRUK contribution 
£549,763; NCI (USA) contribution £477.621; NHS R and D Direct Subvention £500,000Total 
project value £2.5 million 

The NHS R and D Health Technology Assessment programme. Principal Investigator: A 
multicentre evaluation of mammographic surveillance services in women under 50 with a family 
history of breast cancer. NHS R and D HTA programme start-up grant £570,000; continuation 
grant £435,376CRUK Psycho-social and Education Research Committee programme grant to 
the University of Oxford £330,000;Total project value £3.7 million 

The CancerBACUP Cancer Genetics project. Joint Principal applicant. Department of Health 
Section 64 contribution £134,000; contribution from WNPCC wind-up £ 42,000;Total project 
value £176,000 

CRUK UCL Cancer Trials Centre. With Ledermann J, Sainsbury R, Linch D and Begent R. 5 
year programme funding of £2.25 million 

The Breakthrough and Cancer Research UK Genetic Breast Cancer Trial. Joint P.I. with 
Parmar M and Tutt A.CRUK and MRC Clinical Trial Advisory and Adoption Committee £295,810 

London Genetics Ltd. Clinical Lead with Professor Steve Smith, Pricipal of the Medical School, 
Imperial College London.The Department of Trade and Industry and the London Development 
Agency. £ 2.0 million 

CLEF services. Clinical lead with Rector A, with Ingram D, Kalra D and Singleton P.MRC and 
Research Councils UK Clinical e-science programme. £2.9 million 

Project OPERA. An on-line risk assessment tool providing personalised inherited breast cancer 
risk information, and information on available management options to the general public. Clinical 
genetic lead, with Pithers A, Schulz P, Paolini P and CancerBACUP. The King's Fund. £50,000 



Previous Grants held 



NHS National Cancer Research and Development Programme. Evaluating services for 
women with familial risk of breast cancer with Kinmonth, Todd, Marteau, Bobrow March 1997. 14 
■months £67,500. 

NHS Executive Anglia and Oxford Regional Research and Development Fund. 

Psychological impact of genetic testing for hereditary breast and ovarian cancer with Marteau, 
Michie, Broadstock. May 1997. 22 months £50,988. 

Wellbeing and the Royal College of Obstetrics and Gynaecologists. The psychosocial 
implication of prophylactic oophorectomy with Halliwell, Gore, Richards, Jacobs. May 1997. 2 
years £62,950. 

NHS Executive Anglia and Oxford Regional Research and Development Fund. Assessment 
of a questionnaire to identify patients at increased risk of common familial cancers in primary 
care, with Leggatt and Yates. Sept 1 997. 1 2 months £37,737 

The British Council. Finnish-British academic research collaboration scheme with Mannermaa, 
Kataja and Ponder. Collaborative travel grant £1,500. 1998 



CRC Clinical Trials Committee; IBIS RAZOR: a pilot randomised trial of Zoladex plus raloxifene 
plus screening versus screening alone for the prevention of breast cancer in premenopausal 
women at high genetic risk, with Dowsett M, Cuzick J. April 2000. £60,987 



Peer Reviewed Scientific Publications 



Mackay J, MacAreavey D and Robertson CE. Prolonged mechanical cardiopulmonary 
resuscitation. Br J of A and E Medicine, 1987. 2: 15 

Mackay J, Elder PA, Porteous DJ, Steel CM, Hawkins RA, Going J J and Chetty U. Partial 
deletion of chromosome 1 1 p in breast cancer correlates with size of primary tumour and 
oestrogen receptor level. Br J of Cancer, 1988. 58: 710-714 

Mackay J, Elder PA, Steel CM, Forrest APM and Evans HJ. Allele loss on short arm of 
chromosome 17 in breast cancers. The Lancet, 1988. (11): 1384-1385 

Mackay J, Thompson AM, Coles C and Steel CM. Molecular lesions in breast cancer. Int J of 
Cancer, 1990, suppl. 28-36 

Coles C, Thompson AM, Elder PA, Mackay J, et al. Evidence implicating at least two genes on 
chromosome 17p in breast carcinogenesis. The Lancet, 1990, (11) 761-763. 

Porter DE, Spowart G, Morrison H, Mitchell M, Thompson AM, Mackay J, Steel CM, et al. 
Cytogenetic analysis of DNA stability in stimulated cells in chromosome 17q breast cancer gene 
carriers and non-gene carriers. Br J of Cancer, 1993, 67 (suppl.XX) 12. 

Wall LC, Mackay J, Leonard RCF. Unusual presentations of malignancy. Medicine 1995, 23,11, 
441-442. 

Gabra H, Langdon SP, Watson JEV, Mackay J, Steel CM, Leonard RCF, Smyth JF. Loss of 
heterozygosity at 1 1q22 correlates with low progesterone receptor content in epithelial ovarian 
cancer. Clinical Cancer Research 1995, I, 945-953. 

Campbell H, Mackay J, Porteous M. The future of breast and ovarian cancer clinics. BMJ 1995, 
311,1584-1585. 

Gabra H, Watson JEV, Taylor K, Mackay J, Leonard RCF, Steel CM, Porteous DJ, Smith JF. 
Definition and refinement of a new region of loss of heterozygosity at 1 1q23.3-q24.3 in epithelian 
ovarian cancer associated with poor prognosis. Cancer Res, 1996, 56, 950-954. 

Gayther SA, Harrington P, Russell P, Garkavtseva RF, Ponder BAJ and The UKCCCR Familial 
Ovarian Cancer Study Group. Rapid detection of regionally clustered germline BRCA1 mutations 
by heteroduplex analysis. Am. J. Hum. Genet. 1996, 58, 451-456. 

Mullen P, Miller WR, Mackay J, Fitzpatrick DR, Langdon SP, Warner JP. BRCA1 5382insC 
mutation in sporadic and familial breast and ovarian carcinoma in Scotland. Br J of Cancer, 1997, 
75: 1377-1380 

Mackay J, Cameron DA, Gardiner J, Leonard T, Lee LE, Leonard RCF. A pilot study of 
infusional CMF (CMF-infl): Active and well tolerated in breast cancer. Annals of Oncology, 1996, 
7:409-411. 



Cummings J, Langdon SP, Ritchie AA, Burns DJ, Mackay J, Stockman P. Pharmacokinetics, 
metabolism and tumour disposition of 8-chloroadenosine 3', 5'- monophosphate in breast cancer 
patients' and xenograft bearing miceAnnals of Oncology, 1996, 7: 291-296 

Cameron DA, Craig J, Gabra H, Lee L, Mackay J, Parker AC, Leonard RCF. High-dose 
chemotherapy supported by peripheral blood progenitor cells in poor prognosis metastatic breast 
cancer - a phase l/l I study. Br J of Cancer, 1996, 74: 2013-2017 

Gabra H, Cameron DA, Lee LE, Mackay J, Leonard RCF. Weekly doxorubicin and continuous 
infusional 5-fluorouracil for advanced breast cancer. Br J of Cancer, 1996, 74: 2008-2012 

Mackay J The role of genetic testing in breast cancer by the year 2000 Cancer Treatment 
Reviews 1997, 23 S13-S22 

Mackay J. The Li r Fraumeni syndrome CME Journal of Gynaecologic Oncology, 1997, 2: 75-77 

White E and Mackay J. The management of familial ovarian cancer. Hungarian Journal of 
Gynaecologic Oncology, 1997, 2: 129-132 

Crosbie A, Brewer C, Campbell K and Mackay J. BRCA1 gene testing for breast and ovarian 
cancer in one familyBr J Nursing, 1998 22:1386-92 

Pharoah PD and Mackay J. Absolute risk of breast cancer in women at increased risk: a more 
useful clinical measure than relative risk?The Breast, 1998 7, 255-259. 

Pharoah PD, Stratton JF and Mackay J. Screening for breast and ovarian cancer; the relevance 
of family history.British Medical Bulletin, 1998, 54 No 4. 

Cull A, Miller H, Porferfield T, Mackay J, Anderson EDC, Steel CM, Elton RA. The use of 
videotaped information in Cancer Genetics Counselling. A. randomised evaluation studyBr J 
Cancer, 1998, 77: 830-837 

Cull A, Anderson ED, Campbell S, Mackay J, Smyth E and Steel M. The impact of genetic 
counselling about breast cancer risk on women's risk perceptions and levels of distress. Br J of 
Cancer, 1999. 79 (3-4):501-8. 

Leggatt V, Mackay J, Yates JWR. Evaluation of a questionnaire on cancer family history in 
identifying patients at increased genetic risk in general practice.BMJ. 1999; 319: 757-758. 

Thomas R, Thornton H and Mackay J. Patient information materials in oncology - are they 
needed and do they work? Clin One 1999 11:225-231 

White E and Mackay J. A critical evaluation of the process of cancer genetic counselling: from 
research based investigation to clinical diagnosis. European Journal of Oncology Nursing, 1999. 
3(2):96-101. 

Leggatt V, Mackay J, Marteau TM, Yates JRW. The psychosocial impact of a cancer family 
questionnaire completed in general practice. J Med Genetics, 2000 37:470-472. 

Eccles DM, Evans DER and Mackay J. Guidelines for a genetic risk based approach to advising 
women with a family history of breast cancer.J Med Genetics, 2000 37:203-209. 

Crawford R, Everest S and Mackay J. Familial Ovarian Malignancy.Hospital Medicine 2000 61: 
528-531. 



Broadstock M, Michie S, Gray J, Mackay J, Marteau T. The psychological consequences of 
offering mutation searching in the family for those at risk of hereditary breast and ovarian cancer 
- a pilot study.Psycho-Onc 2000; 9:537-548. 

Watson EK, Clements A, Yudkin P, Rose P, Bukach C, Mackay J, Lucassen A and Austoker J. 
Evaluation of the impact of two educational interventions on GP management of familial 
breast/ovarian cancer cases: a cluster randomised controlled trial.British Journal of General 
Practice. 2001;51:817-821. 

Hyland F, Kinmonth AL, Marteau TM, Griffin S, Murrell P, Spiegelhalter D, Todd C, Walter F, 
Berrington B, Bobrow M and Mackay J - Women's Concerns Study Group Raising concerns 
about family history of breast cancer in primary care consultations: prospective, population based 
study.BMJ, 2001: 322, 27-28. 

O'Driscoll D, Warren R, Mackay J, Britton P and Day NE. Screening with breast ultrasound in a 
population at moderate risk due to family history.J Med Screen. 2001 ; 8:106-109 

Mackay J, Rogers C, Fielder H, Blarney R, Boggis C, Brown J, Pharoah P, Moss S, Day N, Myles 
J, Austoker J, Gray J, MacMillan D, Cuzick J and Duffy SW. Development of a protocol. for 
evaluation of mammographic surveillance services in women under 50 with a family history of 
breast cancer.J Epidem. Biostats. 2001 ; 6: 365-369 

Hallowell N, Jacobs I, Richards M, Mackay J and Gore M. Surveillance or surgery? A description 
of the factors that influence high-risk premenopausal women's decisions about prophylactic 
oophorectomyJ Med Genet 2001;38:683-726 

Watson E, Clements A, Lucassen A, Yudkin P, Mackay J and Austoker J. Education improves 
GP management of familial breast/ovarian cancer: findings from a cluster randomised controlled 
trial. J Med Genet 2002: 39:779-781 

Foster C, Evans DGR, Eeles R, Eccles D, Ashley S, Brooks L, Davidson R, Mackay J, Morrison 
PJ and Watson M. Predictive testing for BRCA1/2: attributes, risk perception and management in 
a multi-centre clinical cohort.Br J of Cancer 2002: 8: 1 209-1 21 6 

Hopkinson I and Mackay J. The implications of the Human Genome project; inherited variations 
in cancer care. Annals of Oncology 2002: 13: Suppl. 4 81-87 

IBIS investigators. First results from the International Breast Cancer Intervention Study (IBIS-1) - 
a randomised prevention trial.Lancet 2002: 360: 817-824 

Andermann A, Austoker J, Watson E, Lucassen A, Mackay J. Development and evaluation of a 
general information leaflet for women with family history of breast cancer.Journal Cancer 
Education. 2002:17:155-160 

Richards M, Ponder M, Everest S, Pharoah P and Mackay J. Issues of consent and feedback in 
a genetic epidemiological study of women with breast cancer. Journal of Medical Ethics, 
2003:29:93-96 

Wallace E, Hinds A, Campbell H, Mackay J, Cetnarskyj R and Porteous M. A cross sectional 
survey to estimate the prevalence of family history of colorectal, breast and ovarian cancer in a 
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Examination Guidelines 



Guidelines as to relevant knowledge and 
experience for sitting Advanced Level Paper P2 

Introduction 

These guidelines have been prepared to assist candidates in preparing for the examinations. 
They are guidelines only and do not indicate a level of knowledge or experience that is 
required before a candidates can sit a given paper - eligibility for each paper is governed by 
the examination regulations. Instead the guidelines are intended to be used to identify 
knowledge and experience that candidates should ideally have attained prior to sitting the 
examination. 

It is appreciated that different candidates will have widely different opportunities for training 
and gaining experience, depending on the pattern of work in their firms or companies. Using 
these guidelines will help candidates to identify areas where the knowledge and experience 
gained in the workplace will have to be supplemented through tutorials, internal or external to 
the workplace, through seminars, training courses, private study or otherwise. 

It is considered unlikely that candidates with less than 3 years' experience in the profession, 
including at least a year acting mainly on their own responsibility, will have sufficient 
experience to address this paper. 

These guidelines have been prepared by a group made up of representatives of ITMA, CIPA, 
TMPDF and Queen Mary College, University of London as part of ITMA's and CIPA's 
response to recommendations in the Sherr Report, and updated by the Informals CIPA 
Education Committee representatives, July 2008 . 

P2 Paper 

P2 is a test of the competence to properly advise and act for a client in any matter relating to 
the preparation, prosecution, exploitation and enforcement of patent rights in the UK and via 
the EPC and PCT. Knowledge of the basic patent law in major countries (notably the USA 
and Japan) is also required. 

While the precise materials may change from year to year, typically the paper is made up of 
six compulsory short questions relating to application and prosecution procedural matters and 
two or three longer questions where a client requires advice on patent matters in a commercial 
situation. Knowledge of the principles of leading case law is recommended, though it is not 
necessary to quote any cases. Candidates should be familiar with the different needs and 
expectations of clients from different backgrounds, e.g. with regards to the consequences and 
costs of suggested actions, and should give sound practical advice accordingly. 

The time allowed for the P2 paper is 4 hours. 
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P2 Guidelines 



It is recommended the candidate be familiar with the statutes set out in the syllabus. In 
addition, it would be helpful for the candidates to have sufficient practical experience, as 
detailed below: 

Miscellaneous Practice Matters 

Preferably, candidates should have advised on and/or prepared at least half of the items in the 
following list, and should be at least aware of considerations for the others in practice: 

For GB patents/applications 

• Assignment. 

• Change of name or address. 

• Requesting file wrappers and/or UKIPO register extracts 

• Filing statutory declaration or affidavit in support of ex-parte and inter-partes 
proceedings. 

• Request for a discretionary extension of time under r. 1 08 and/or r. 1 1 0. 

• Application to restore a UK patent lapsed for non-payment of a renewal fee. 

• Pre-litigation negotiations with a third party. 

For EP(UK) patents/applications 

• Completing acceptance/grant procedures before the European Patent Office, being 
thoroughly familiar with key due dates 

• Effecting validation of a granted European Patent (UK), being thoroughly familiar 
with key due dates including renewal fee due dates 

• Applying for further processing of a European patent application 

• EPO Opposition procedure 

• EPO central limitation procedure 

For GB or EP(UK) patents/applications 

• Opinion on potential protection available for a proposal (not yet the subject of a patent 
application of other registered protection) in light of the prior art. 

• Opinion on inventorship and/or ownership, including employee's rights. 

• Opinion on infringement. 

• Opinion on validity (patentability). 

• Opinion on validity (sufficiency). 

• Opinion on availability of convention priority, including requesting a "late" priority 
claim. 

General/Multi-jurisdiction 

• Estimate of the cost of filing a UK, European and/or International patent application. 

• . Taking over representation of a UK/European/International application or granted 

patent 

• Estimate of the cost of filing a patent application in the US or Japan. 

• Any matter involving competition law issues. 

• Availability of different types of BP right available for a project (e.g. patent, utility 
model, trade mark, registered and unregistered design rights, copyright, etc.). 

• Comparison of claim types available in different jurisdictions. 
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Patent Office Hearings 

Have prepared for, either as principal or assistant: 

• 2 ex-parte or -inter-partes hearings, at the UK, European or any other national Patent 
Office. 

Have attended, either as principal or assistant: 

• 1 ex-parte or inter-partes hearing, at the UK, European or any other national Patent 
Office 

Official Actions from Patent Offices 
Have reviewed and advised on: 

• 5 official actions from WIPO or a National Patent Office acting as Receiving Office, 
International Search Authority or International Examining Authority for an 
International Patent Application. 

Have advised on and responded to: 

• 10 official actions from the UK and/or European Patent Office, of which at least 5 are 
from the UK Patent Office. 

• 5 office actions from any other Patent Offices, but especially from the USPTO and 
JPO. 

Filing of New Patent Applications 
Have filed or sent instructions for filing: 

• 1 0 UK or European patent applications. 

• 5 International patent applications. 

• 5 patent applications, or 5 national phase entries, at other Patent Offices. 

• a national phase entry to the UK national phase 

• at least one entry to the European regional phase 

Experience external to the workplace 
Have attended: 

• 1 2 hours per year of CPD seminars, including at least some outside the workplace. 
Have regularly read: 

• 1 monthly IP law publication 



976783V1 3 



Feedback from Examiners 

Examiners' comments for each past paper are available from the Institutes. In addition, a survey 
of examiners was carried out in 2004. 

A summary of the feedback is:- 

Examiners find that as far as the knowledge of the Candidates is concerned, there are few areas of 
particular weakness. 

Candidates would benefit by giving more attention to:- 

• Priority 

• Ownership (who owns rights; how transferred; assignments, etc) 

• Novelty (especially 'Article 54(3) EPC type situations) 

• Inventive step 

• Imagining being in front of the client and giving advice 

• Providing the client with advice, not a list of the law that is relevant 

• Identifying problem areas in a question and applying the law to those areas 

• Creating a time line where the chronology of events is important to the question 

Issues raised in the Examiners' comments one year are often repeated by Candidates the next 
year. Instead, Candidates should apply the law to the new facts of the question of the 
examination. 



CIPA/ITMA Short Term WG - February 2005 
Updated by CIPA Education Committee - July 2008 
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Epidemiology, Diagnosis and 
Treatment of Prostate Cancer 



. JULLIANA NEWMAN, B.A., E.L.S. 



Prostate cancer is the 
most commonly diagnosed 
cancer in the United States. 
This article outlines the 
anatomy of the prostate 
gland, the epidemiology 
and natural history of 
prostate cancer, current 
diagnostic and screening 
techniques, treatment 
options- and prognostic 
implications: 

This article is a Directed 
Reading. See the quit at 



The incidence of prostate can- 
cer has increased dramatically 
during the past 20 years, with 
an almost 100% increase in 
new cases during 1994 alone. 
In 1995, 224,000 new cases were diag- 
nosed — ah increase of 44,000 from 1994 
— and 40,400 deaths were attributed to 
prostate cancer. 

In 1996, 317,100 new cases of the dis- 
ease are expected to be diagnosed, result- 
ing in the deaths of 41,400 men and mak- 
ing prostate cancer the most commonly 
diagnosed cancer in the United States. 
Breast cancer is anticipated to be the sec- 
ond most commonly diagnosed cancer in 
1996, with 185,700 new cases resulting in 
44,560 deaths." 

Prostate cancer tends to affect older 
men, with most cases occurring in men 
older than 65. The lifelong probability of 
dying from prostate cancer is 2.5% to 3% 
for American men. However, the inci- 
dence of prostate cancer in African Ameri- 
can men is as much as 30% higher than 
for their white male counterparts. Further- 
more, a recent study suggests that African 
American men newly diagnosed with pros- 
tate cancer tend to have higher levels of 
prostate-specific antigen (PSA) and larger 
tumors than white men, even though their 
cancers are at the same stage. The mortal- 
ity rate among African American men with 
prostate cancer is double that of white 
men. In addition, African American mert 
tend to be diagnosed at a later stage of 
disease and may suffer from higher mor- 
tality rates as a result. 5 



Patients diagnosed with prostate cancer 
because of symptoms such as bone pain or 
urinary difficulties have a much higher 
mortality rate and are considered incur- 
able. Palliative treatments such as hor- 
monal treatment or chemotherapy are 
available but are limited in their success." 

The increased incidence in new cases of 
prostate cancer is attributed to increased 
public awareness and the availability of 
more sensitive screening techniques. The 
development of the PSA test has greatly 
enhanced the detection of nonpalpable 
tumors in asymptomatic patients. In addi- 
tion, there seems to be some evidence to 
indicate that prostate cancer may be a her- 
itable disease. Recent studies indicate that 
men with a first-degree relative who has 
prostate cancer, have a greater risk of 
developing the disease, a likelihood that 
increases exponentially with the number 
of affected relatives." 

As many as 30% of men' older than 50 
have histologic evidence of prostate cancer 
upon autopsy. It is believed that most 
men die with prostate cancer rather than 
die because of it. In general,, prostate can- 
cer is a slow-growing disease that has a 
long doubling time — the time it takes for 
a tumor to double in size. 

Treatment methods range from radical 
prostatectomy (removal of the prostate 
and surrounding tissue) to radiation ther- 
apy and chemotherapy. Another method 
is deferred treatment or "watchful wait- 
ing," where no treatment is used until 
there is evidence that the cancer volume 
has increased and is beginning to spread." 
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Fig. 1. Cross-sectional illustration of normal male pelvic 
region. (Artwork reprinted with permission from the American 
Prostate Society Inc.) 
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Fig. 2. Oblique coronal section diagram of the prostate, as 
viewed from the rectal surface, showing location of the peri- 
pheral zone (PZ) and transitional zone (TZ) in relation to the 
proximal urethral segment (UP), verumontanum (V), preprosta- 
lic sphincter (s), bladder neck (bn) and periurethral regions 
with periurethral glands. The anterior fibromuscular stroma 
(fin) is shown as shaded area. (Artwork reprinted with permis- 
sion from Dawson NA, Vogebang Nf, Prostate Cancer. New 
York, NY: Wtley-Liss Inc; 1994.) 



Controversy exists regarding the optimal treatment 
for patients with early stage prostatic cancer. Due to a 
paucity of clinically controlled studies, there is insuffi- 
cient evidence to identify optimal treatment for parti- 
cular patients. At present, treatment regimens are 
chosen after careful consideration of the extent of the 
disease and the patient's preference. Results from 
prostatectomy, radiation therapy and watchful waiting 
are variable, and no treatment methodology has been 
proven clinically superior to the others. 

Mass screening for prostate cancer is another topic 
of controversy. Some experts argue that early detec- 
tion procedures often are inconclusive and that the 
early diagnosis of patients with asymptomatic prostate 
cancer has little impact on overall mortality rates, thus 
causing unnecessary expense and undue anxiety for 
patients who are basically at little or no risk. However, 
recent evidence indicates that there are two distinct 
types of prostate cancer: clinically insignificant cancers 
with a low morbidity and mortality rate, and clinically 
aggressive cancers that consist of a large tumor volume, 
cells demonstrating moderate to poor differentiation, 
progressive extracapsular spread and a high PSA level, 
greater or equal to 10 ng/ml." 1 " 

Prostate Anatomy 

The prostate is a male sex gland that resembles a 
walnut In shape and weighs about 20 gnu"*"-' 5 (See 
Fig. 1.) It is located immediately inferior to the blad- 
der and anterior to the rectum. It is transversed by 
the urethra, and the portion of the urethra passing 
through the prostate is called the prostatic urethra. 
The prostate is divided into five histologically distinct 
zones (see Fig. 2):" 

■ The anterior zone. 

■ The peripheral zone, accounting for 75% of pro- 
static volume and the area in which prostatic can- 
cer tends to be localized. 

■ The central zone, where benign prostatic hyper- 
plasia tends to occur most frequently. 

■ The preprostatic urethra. 

■ The transitional zone. 

The functions of the prostate gland are not well 
understood. It is comprised of approximately 30 to 
50 tubuloalveolar glands that open into the prostatic 
urethra through 15 to 80 ducts arranged in a radial 
pattern within a stroma of fibromuscular connective tis- 
sue, blood vessels, lymphatic and nerves. The gland 
produces an alkaline fluid (pH 6.5) that constitutes 
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approximately 30% of seminal fluid ejaculate, contain- 
ing calcium, zinc, acid phosphatase, a clotting enzyme 
and profibrinolysin." 

The majority of cancers of the prostate arise in the 
peripheral zone and do not affect the periurethral 
areas until the cancer has spread, explaining the lack 
of symptoms in patients with early prostate cancer. 
Symptoms generally do not appear until the cancer has 
spread and affected other organs, Prostatic cancers 
can be separated into cancers of acinar (the secretory 
portion of a gland) and proximal duct origin or of dis- 
tal duct origin. Adenocarcinoma of acinar origin 
accounts for 98% of all cancers of the prostate. The 
prostate itself is rarely associated -with metastases from 
other tumors. 

Possible Risk Factors 

Investigators have studied several factors to deter- 
mine their possible role in the development of prostate 
cancer,' " including age, heredity, hormones, benign 
prostatic hyperplasia, diet, socioeconomic factors, occu- 
pation, smoking, sexual behavior and vasectomy. Fol- 
lowing investigation, several of these factors have been 
ruled out as risks in the development of the disease. 

• • Age 

Prostate cancer is primarily a disease of older men, 
and age is an important risk factor in its development. 
(See Table 1). According to the National Cancer Insti- 
tute's Cancer Surveillance, Epidemiology and End 
Results Program, in 1990 the age-adjusted incidence, 
rate was 22.7 cases per 100,000 men younger than 65 ' 
and 884.1 cases for men aged 65 and older. Between 
1985 and 1990, the median age at diagnosis for white 
men was 72, and the median age of death from 
. prostate cancer was 77. For African American men, the 
median age at diagnosis was 70, and the median age at 
death was 75."-" 

The age-adjusted incidence rates of prostate cancer 
have increased 3.3% per year in the United States, with 
the most rapid rise among white men. Recent in- 
creases in the incidence of prostate cancer among this 
group may be the result of a selection bias because a 
disproportionate number of middle- and upper middle- 
class American men are undergoing routine screening 
for cancer, and these socioeconomic groups tend to be 
predominantly white. In addition, the availability of 
early detection screening devices is contributing to the 
proliferation of newly diagnosed cases. 



Table 1 




Numbers of Deaths by Leading Causes, 


U.S. Men Ages 55 to 74 and 75+, 199 


0 


Ages 55 to 74 


All causes 


430,713 


Heart disease 


152,323 


Cancer (other than prostate) 


129,364 


Chronic obstructive lung disease 


21,964 


Cerebrovascular disease 


18,602 


Prostate cancer 


12,423 


Ages 75+ 




All causes 


447,303 


Heart disease 


173,558 


Cancer (other than prostate) 


75,117 


Cerebrovascular disease 


33,594 


Chronic obstructive lung disease 


25,580 


Pneumonia, Influenza ■ 


24,897 


Prostate cancer 


19,622 


(Data reprinted with permission from Boring CC. Squires 


. TS, Tong T, et al. Cancer statistics. 1984. CA 


- A Can- 


cer Journal for Clinicians. 1994;44:7-26.) 





Autopsy data indicate that as many as 30% of men 
50 years or older dying of other causes have histologi- 
cal evidence of prostate cancer. In addition, 50% to 
70% of men have asymptomatic prostate cancer by the 
age of 75, The risk of having asymptomatic prostate 
cancer is 22% for men in their 60s and 39% for men in 
their 70s. 5 

Family History / Genetics 
Men with a family history of prostate cancer are at 
greater risk for developing prostate cancer than men 
without affected relatives.' In fact, prostate cancer has a 
higher familial component than breast cancer or colon 
cancer, diseases that are recognized as having a strong 
generic component."" 1 Carter's model of the Men- 
delian inheritance of prostate cancer indicates that the 
inherited portion of prostate cancer may account for 
43% of early onset cancers (onset at younger than 55 
years of age),"* However, heritable factors account for 
only a small percentage (9%) of all prostate cancers. 
The risk of a familial component in early onset prostate 
cancer warrants early screening and careful observation 
for men with affected relatives. 



RADIOLOGIC TECHNOLOGY 



41 



CE 

PROSTATE CANCER 



The familial clustering Of prostate cancer may be 
due to two factors — a heritable genetic risk factor and 
an environmental carcinogen leading to exposure of 
family members. In a study by Devesa and colleagues, a 
segregation analysis approach was employed to investi- 
gate the possible heritabiHty of prostate cancer. An 
autosomal-dominant hypothesis fit well with the distrib- 
ution data in the families studied, suggesting the possi- 
bility that a small percentage of prostate cancers (9%) 
occur as the result of the presence of a Mendelian 
autosomal dominant gene with high penetrance."'"-'" 0 
The discovery of oncogenes (tumor-causing genes) 
and antioncogenes (tumor-suppressing genes) has 
fueled the search for genes involved in the develop 
ment of prostate. cancer." Experts agree that although 
it is difficult to separate heritable factors from environ- 
mental factors, there does seem to be a heritable aspect 
to prostate cancer. Several studies indicate a high inci- 
dence of prostate cancer among blood relatives of men 
with prostate cancer. Men with a first-degree relative 
(father or brother) with prostate cancer have a 2.1 to 
2.8 times greater risk of developing prostate cancer 
than the general population. Men who have a first- 
degree relative plus an uncle or grandfather with 
prostate cancer are 6 to 8 times more likely to develop 
prostate cancer than men without an affected relative.* 0 

Trie idea that cancer might be a heritable disease 
dates to 1911, when Rous demonstrated that sarcoma 
could be induced by cell-free infiltrates. Many years 
later, reverse transcriptase, retroviruses and a gene 
(vsrv) responsible for Rous sarcoma was discovered."' 
In time, many more genes of similar structure were 
found in other animals, including humans. It was 
determined that these genes originated in eukaxyotic 
organisms, a superkingdom of organisms including ani- 
rhalia,. characterized by membrane-enclosed nuclei con- 
taining chromosomes of DNA, RNA and proteins. It 
was determined that some of these genes were coded 
for cellular proteins important in cell growth."' 2 " 3 

Hereditary cancers can result from the expression of 
a single gene or several genes, usually mutated suppres- 
sor genes (oncogenes) that predispose the host to an 
increased susceptibility for a particular cancer to de- 
velop. Since data indicate that prostate cancer has a 
strong familial component, experts theorize that onco- 
genes may play a role. In general, oncogenes function 
in a dominant manner, and the presence of a single 
allele can lead to tumor formation. The concept of 
tumor-suppressor genes or antioncogenes was devel- 



oped in the 1970s; these genes are believed to function 
as recessive genes. Therefore, each gene must contain 
a matching pair of alleles to thwart cancerous activity" 4 
Since the early 1990s, more than 60 oncogenes have 
been identified in the development of certain neo- 
plasms. 15 The normal genetic sequence that provides 
coding for the manufacture of a cellular protein is 
called a proto-oncogene, and its altered or mutated ver- 
sion is called an oncogene. Proto-oncogenes are 
important in normal cellular growth, encoding for the 
synthesis of a variety of proteins critical in cell growth 
as regulators of DNA synthesis, RNA transcriptase and 
other cellular components. An alteration or mutation 
in the coding for protein development can cause 
abnormal growth and contribute to the development of 
neoplasms. Changes from a proto-oncogene to an 
oncogene can occur in several ways. The three most 
common htc?*° ,k *' 

■ Base substitution. In base substitution, there may 
be a point mutation in the gene sequence. The 
prototype for this mutation is the ras oncogene, 
implicated in the formation of a variety of human 
tumors including urologic neoplasms. Single 
base mutations at characteristic areas of the gene 
sequence convert the ras gene to an oncogene." 

■ Amplification A second mutation can occur in 
which extra copies of a normal DNA gene 
sequence convert a proto-oncogene to an onco- 
gene. Prototypes of this type of mutation are 
called amplification, and they include the genes 
N-myc, implicated in neuroblastoma, and oerb-B-2, 
related to breast cancer," 

■ Translocation, A. third type of mutation occurs 
when an oncogene is moved to a different part of 
the same chromosome or to a different chromo- 
some. This translocation can result in the inap- 
propriate or overexpression of that gene. The 
gene also may fuse with another gene, creating a 
hybrid oncogene. This phenomenon is known as 
translocatiohal rearrangement and is the proto- 
type for the c-abl gene found in leukemia." 8 

The search for an oncogene correlated with the 
development of prostate cancer is ongoing. To date, 
no oncogene has been directly implicated in the initia- 
tion or spread of prostate cancer. The role of several 
of the growth factor oncogenes, including ras, myc and 
c-erc-B-2, has been investigated in the development of 
prostate cancer." Research shows that mutations in the 
ras gene, found commonly in other human tumors, are 
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rare in prostate tumors." 3 ' Clinical studies reveal a low 
incidence of ras oncogenes in American men with 
prostate cancer, 50 * 1 whereas a Japanese study reported 
the presence of ras oncogenes in 25% of Japanese men 
diagnosed with prostate cancer. The conflicting data 
may be indicative of potential false-positive results in 
the Japanese population or of more advanced disease 
among the Japanese cohort that may have been under- 
represented in the American study. MMS 

In addition, the myc family of oncogenes has re- 
ceived attention regarding its possible role in the devel- 
opment of prostate cancer. Several studies indicated 
elevated levels of c-myc messenger RNA in prostate can- 
cer compared with benign prostatic hyperplasia (BPH) 
and normal tissue, a tendency that seemed to increase 
with higher grade tumors."'" However, studies investi- 
gating the level of c-myc in two well-differentiated 
tumors found similar levels in adjacent nonmalignant 
BPH tissue. Based on this information, investigators 
concluded that c-myc expression is not common in 
prostate cancer. However, in a mouse prostate model, 
the combination of ras plus myc induced predominantly 
malignant carcinomas.'" 

Research indicates that the c-erfi-fl-2 oncogene impli- 
cated in breast cancer may play a role in the develop 
ment of prostate cancer. However, more research is 
needed to answer this question. 

Several other oncogenes have been investigated to 
determine their possible roles in the development of 
prostate cancer. Oncogenes Bcl-2 and c-kit may have 
some role in certain types of prostate cancer. Bcl-2 is 
undetectable in androgen-dependent prostate cancer, 
but the vast majority of androgen-independent cases 
exhibited high diffuse expression. As such, researchers 
are investigating whether Bcl-2 might be involved in the 
transition from androgen-dependent to hormone- 
refractory prostate cancer. Much research is needed, 
particularly to determine if genetic markers may be 
useful in distinguishing clinically insignificant cancers 
from aggressive neoplasms.* 1 '' 44 

Recent data also suggest that DNA methylation may 
be important in the regulation of genes involved in 
tumor and growth suppression. Methylation plays an 
important role in the regulation of gene expression. It 
is responsible for the maintenance of X-chromosome 
inactivarion in the female and is implicated in genomic 
imprinting (differential allele-specifk expression). An 
imbalance in DNA methylation occurs in prostate can- 
cer cells, and it is postulated that this imbalance may 



result in an underlying genetic instabilityrelated to 
tumor progression. In fact, a recent study by Lee and 
colleagues identified hypefmethylation of the GSTjt 
gene in 20 out of 20. prostate cancer DNAs examined. 
. This hypermethylation was not found in any DNA sam- 
ples from, the control group of normal or hyperplasic 
prostate tissue samples. To date, hypermethylation of 
this gene is the most common genetic alteration noted 
in prostate cancer. Obviously, continued research is 
required to further investigate the role of methylation 
in the development of prostate cancer."* 0 

Hormones 

Prostate growth and function are regulated by testos- 
terone and dihydrotestosterone. The testes are the 
major supplier of testosterone, with the adrenal glands 
producing approximately 10% of circulating testos- 
terone. Because most prostate cancers demonstrate 
some degree of androgen-dependence, there has been 
speculation that hormones may be linked to its devel- 
opment. The fact that eunuchs do not develop pros- 
tate cancer and that prostate cancer can be induced in 
rats by chronic administration of estrogen and testos- 
terone have fueled this notion. Although high circulat- 
ing levels of testosterone have not been consistently 
found in men with prostate cancer, there does seem to 
be ah increased conversion rate to testosterone in men 
with prostate cancer. Ongoing research is necessary to 
clarify the role of hormones in the development, diag- 
nosis and treatment df prostate cancer.' 

Benign, Prostatic Hyperplasia 
Benign prostatic hyperplasia (BPH) is a noncancer- 
ous condition in which an overgrowth of prostate tissue 
pushes against the urethra and the bladder. It is a 
common, nonfatal disease of aging. Several retrospec- 
tive and prospective studies have linked BPH with a 
5.1% to 13.5% risk of prostate cancer." 148 Other stud- 
ies, however, have found no link,"-' 2 ' 1 ""' 

Like prostate cancer, BPH is androgen-dependent 
and more common among older men. However, unlike 
prostate cancer, BPH usually is found in the central or 
transitional zone of the prostate, resulting in urinary 
symptoms that require treatment. Conversely, prostate 
cancer usually is found in the peripheral zone and is 
asymptomatic until there has been extracapsular spread. 

Because treatment for BPH often involves an inva- . 
sive procedure, the discovery of concomitant prostate 
cancer may be more likely," 
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Socioeconomic Factors 
There is no evidence to indicate that socioeconomic 
status has any impact on the risk for developing prostate 
cancer, although differences in the incidence of pros- 
tate cancer in certain racial groups may have fueled this 
misconception. Prostate cancer is more common in 
African American men than white men, and less com- 
mon among Asian men than white men.' 4 "" 5 

Smoking 

There is conflicting Information regarding the role 
of cigarette smoking in the development of prostate 
cancer, although there does seem to be a slightly high- 
er incidence of prostate cancer reported for smokers as 
compared with nonsmokers. This may be an artifact, 
however, that is more indicative of health care behavior 
among sniokers, who are more likely to see a physician 
and possibly undergo screening for prostate cancer. 5 " 

Occupation 

Although it has been speculated that certain profes- 
sions may be linked to an increased incidence of 
prostate cancer, there is no evidence to support this 
theory. Researchers have investigated a proposed link 
between prostate cancer and men working as farmers, 
mechanics, newspaper personnel, plumbers, welders; 
electroplate workers and rubber workers, No direct link 
has been found, although there is some evidence that 
men exposed to cadmium (welders and electroplate 
workers) may have an increased risk for prostate can- 
cer. 65- ™ Cadmium is a naturally occurring antagonist of 
zinc, which is necessary in intracellular metabolism and 
crucial in the production of DNA-repair enzymes. 71 " 
Interestingly, the healthy prostate has a higher concen- 
tration of zinc than any other organ. Furthermore, nor- 
mal or hyperplasic prostatic tissue has higher concentra- 
tions of zinc than cancerous tissue. 7, ' ,, 

Diet 

Evidence suggests that the consumption of a high-fat 
diet may be associated with an increased risk of devel- 
oping prostate cancer. Armstrong and Doll compared 
data for prostate cancer death rate and average fat con- 
sumption in 32 countries and found that countries with 
high average fat consumption also had a higher death 
rates from prostate cancer."' Diets high in animal fat . 
resulted in the increased excretion of androgens and 
estrogens, believed to play a role in the development of 
prostate cancer. In contrast, a vegetarian diet has been 



linked with lower serum testosterone levels. The diet- 
ary hypothesis may offer a possible explanation for the 
increased incidence of prostate cancer reported in men 
who have emigrated from regions of low incidence, 
such as Japan, to areas of high incidence, such as the 
United States.*" 

For example, studies investigating the mortality rate 
from prostate cancer for Japanese men who migrated 
to Hawaii revealed a continued low mortality rate for 
approximately one generation, subsequently reaching a 
higher mortality rate closer to that of the general 
American male population. Similarly, studies indicate 
that the incidence of prostate cancer is higher among 
European immigrants to the United States than their 
nonimmigrant countrymen.'* ws '* MM ''™ 

Sexual Behavior 
Despite numerous studies, there is no evidence link- 
ing sexual behavior, fertility and prostate cancer." 

Vasectomy 

Several studies have shown a slight increase in the 
risk for prostate cancer following a vasectomy. This 
increased incidence may be the result of a selection 
bias, however, because men undergoing vasectomies 
are more likely to be screened for prostate cancer. At 
this point, any correlation between vasectomy and an 
increased risk for prostate cancer cannot be deter- 
mined to be causal and the risk, if any, is small. Fur- 
ther study Is required to settle this issue, 5,8 

Diagnostic Evaluation 

And Early Screening Techniques 

Digital Rectal Examination 
Digital rectal examination (DRE) is still considered 
to be one of the mainstays in the diagnosis of prostate 
cancer. The prostate is similar in consistency to the tip 
of a human nose, Carcinoma of the prostate generally 
has a firmer consistency and can be palpated upon digi- 
tal examination. The American Cancer Society. recom- 
mends that men 40 years of age or older undergo an 
annual DRE because of its relatively low cost and ease of 
administration. It is estimated that 12,000 curable 
prostate cancers are detected each year with DRE alone. 
Despite this, there has been much criticism regarding 
the accuracy and sensitivity of DRE. Results arc subjec- 
tive and contingent upon the skill of the clinician. In 
addition, many tumors discovered with DRE alone are 
upstaged at the time of surgery. 1 * 4 "' 
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FI9. 3. Comparison of prostate biopsy techniques. As Transrectal core needle biopsy. B: Transperineal core needle biopsy. 

C: Mne-needU aspiration biopsy. (Artwork reprinted with permission from Catalona WJ. Prostate Cancer. Orlando, Fla: Grune & 

Stratton Inc; 1984.) 



Prostate-specific Antigen 
The discovery of prostate-specific antigen has helped 
in the early diagnosis of prostate cancer, PSA is a 
glycoprotein produced and measurable in the cyto- 
plasm of both benign and malignant prostate cells and 
not found in any other tissues or tumors. PSA levels 
are directly correlated with tumor size; however, PSA 
levels can be elevated in men with or without prostate 
cancer and the level at which PSA should be consid- 
ered suspicious is controversial. Patients with prostati- 
tis or BPH also may have elevated PSA levels. It is diffi- 
cult to distinguish prostate cancer from BPH with PSA 
alone. In general, PSA values greater than 4 ng per mL 
of blood are considered abnormal. A PSA level 
between 4.1 rig/mL and 10.0 ng/mL suggests a 1.5 to 3 
times above average risk that a man has intracapsular 
prostate cancer.'- 1 '™'™ 

Because neither DRE nor PSA are considered defini- 
tive in the early detection of prostate cancer, the Amer- 
ican Cancer Society and the American Urological Asso- 
ciation recommend combining both techniques to 
more accurately detect asymptomatic prostate cancer. 
Research suggests that by adding PSA to DRE in a one- 
time screening program, prostate cancer can be detect- 
ed in approximately 4,2% of men at age 65 (compared 
with 2.4% using DRE alone) and in 7,2% of men at age 
75 (compared with 3.5% with DRE alone) 

Once an abnormal DRE or PSA has been detected, 
many experts recommend that these patients undergo 
multiple transrectal needle biopsies, which usually are 
performed in a single session. Although the procedure 
may be uncomfortable, it is associated with a low risk of 
bleeding and related infection. «* 



Radiographic Screening Techniques 

Imaging techniques used for the detection of pros- 
tatic cancer include transrectal ultrasonography, com- 
puted tomography and magnetic resonance imaging. 

Transrectal Ultrasonography 
Improvements in the spatial resolution of ultra- 
sound has encouraged its use in the detection of dis- 
ease. Urologists use ultrasound to guide biopsies parti- 
cularly when lesions that are visible with ultrasound are 
not palpable. It is well known that the volume of can- 
cer is directly correlated with the probability of extra- 
capsular spread and ultimate prognosis. Although 
ultrasound has been used to estimate the volume of 
cancer, it is not very accurate and tends to underesti- 
mate the true volume of the cancer. It also has been 
used in the detection of extracapsular spread of pros- 
tatic cancer, but its accuracy in confirming organ- 
confined cancer is questionable. Furthermore, 
although preliminary studies suggest that ultrasound 
is more sensitive than DRE as a method of detecting 
early prostate cancer, it is an expensive procedure with 
variable results.* 5 ' 5,1 "' 

Transrectal ultrasonography (TRUS) generally is 
not considered accurate enough to be used as a pri- 
mary screening test It has the ability to detect hypo- 
echoic lesions (areas in the ultrasound image where 
echoes are weaker or fewer in number), consistent with 
prostate cancer, as small as 5 mm in diameter, It also is 
valuable in measuring the volume of the tumor and de- 
termining its localization. TRUS probes are equipped 
with a biopsy needle to help document the exact loca- 
tion from which the biopsy was taken. (See. Fig. 3.) 
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Fig. 4. Extracapsular tumor extension from prostatic cancer 
visualised by CT. Overall, CT has not been particularly useful 
in staging local extent of prostatic cancer. (Artwork reprinted 
xuith permission from Smith fA, Middleton RG. Clinical Main 
agementof Prostate Cancer. Chicago, III; Year Book Med- 
ical Publishers Inc; 1987.) 

A recently developed procedure uses an intermedi- 
ate-caliber needle for core biopsies using a spring- 
loaded biopsy gun. No anesthesia is required, and the 
biopsy gun is used along the finger in the case of paK 
pable lesions or through a biopsy channel built into the 
TRUS probe. Multiple biopsies are performed in a 
grid-like pattern to sample possible tumors, even in the 
absence of identifiable lesions upon ultrasonography. . 

TRUS can fail to detect as many as 30% of prostatic 
lesions that are palpable upon DRE because the lesions 
are isoechoic. Interestingly, while ultrasound can 
detect small hypoechoic tumors, as many as 80% of 
these lesions are not cancerous, but rather are indica- 
tive of nonmalignant areas of prostatic inflammation, 

Not surprisingly, experts disagree about the role of 
TRUS in the detection of early prostate cancer. It has 
not been proven that early detection or biopsy of these 
lesions has any effect on the clinical outcome. Despite 
the lack of data regarding the clinical utility of TRUS, 
the procedure has been aggressively marketed to 
patients in certain regions as a lifesaving technique and 
is greatly in demand by patients living in those areas. 101 . 

Computed Tomography 
Computed tomography is not recommended in the 
early screening process for prostate cancer; it is gener- 
ally reserved for screening of biopsy-confirmed cancer 
to detect cancer spread into the lymph nodes, pelvis, 
abdomen or spine. CT cannot reveal the internal struc- 



ture of the lymph nodes, but it is used to.deiermine the 
size of the lymph nodes as an indicator of neoplasm 
involvement However, microscopic disease in the 
lymph nodes may not result in obvious lymph node 
enlargement. Therefore, disease may go undetected 
with CT alone, resulting in a false-negative result. Con- 
versely, lymph node enlargement also may be due to 
nonmalignant processes such as infection and suggest a 
false-positive result For these reasons, CT is not recom- 
mended in the early screening process and is reserved 
for more detailed staging information in biopsy- 
confirmed cases of prostate cancer. (See Fig. 4.) 



Fig. 5. Normal prostatic at 



MM 



Fig. 6. Cribiform pattern of prostate cancer. (Artwork for both 
Fig. 5 andfig. 6 reprinted with permission from Mostofi FK, 
Sesterhenn I, Sorbin LH. Histological typing of prostate tumors. 
In: International Histological Classification of Tumors, 
XXH. Geneva: World Health Organisation; 1980.) 
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Magnetic Resonance Imaging (MRI) 
Recent studies indicate that magnetic resonance 
imaging may be useful as a screening device in the 
early detection of prostatic neoplasms. The use of 
small probes for transrectal MRI in the detection of 
prostate cancer have demonstrated high resolution and 
improved sensitivity in detection. This high sensitivity 
is critical in distinguishing BPH from carcinoma of the 
prostate. Appropriate use of this new technology may 
reduce the need for unnecessary biopsies and improve 
early detection rates. 1 " 

Tumor Grading 

Orice prostate cancer has been clinically diagnosed 
using one or a combination of screening techniques, 
the patient must undergo a staging workup to deter- . 
mine the grade (degree of cellular differentiation 
between cancerous cells and normal cells) and stage 
(extent to which the disease is present and has spread). 
Prognosis arid treatment protocols are determined by 
the grade and stage of the cancer. Several staging sys- 
tems are used to determine the biological potential of 
prostate cancer. The predictive accuracy of screening is 
enhanced by the general correlation that exists between 
• tumor grade and tumor volume. Most small tumors are 
well differentiated and slow growing, whereas most 
poorly differentiated tumors are large, aggressive and 
associated with a poorer prognosis. M * ,<u - m 

Normal prostatic epithelium consists of a double 
layer of simple columnar or pseudostratified cells 
becoming transitional near the urethra. (See Fig. 5.) 
In malignant cells there usually is only one layer of 
cuboidal cells, and a characteristic cribiform pattern 
may develop. (See Fig. 6.) Another characteristic of 
prostatic cancer cells is the degree of anaplasia or loss 
of structural differentiation, such as an increase in the 
nuclear/cytoplasmic ratio. 

Grading Systems 
Several grading systems have been proposed to help 
identify distinct histological patterns based on the 
degree of glandular differentiation. Of the systems 
available, the Gleason grading system has achieved the 
widest acceptance. Gleason identified 5 histological 
patterns based on the degree of cellular differentiation 
and assigned them values from 1 to 5, with 1 represent- 
ing well-differentiated cells and 5 representing poorly 
differentiated cells. (See Fig. 7.) . A Gleason score is 
determinedly adding the scores of the two most 




Fig. 7. Gleason system for grading prostate cancer. [Artwork 
reprinted with permission from Gleason DF. The Veterans 
Administration Cooperative Urologic Research Group: histo- 
logic grading and clinical staging of prostatic carcinoma. In: 
TannenbaumM.cd Urologic Pathology: The Prostate. 
Philadelphia, Pa: Lea & Febiger, 1987:171-198.) 



prominent types of histological patterns. The lowest 
possible score is a 2, indicating a well-differentiated 
tumor, and the highest possible score is a 10, indicating 
a poorly differentiated tumor.""" 

Well-differentiated tumors, Gleason grades 2 to 5, 
progress slowly and are associated with a low prob- 
ability of dying from prostate, cancer. (See Fig. 8.) 
These tumors tend to resemble normal prostate tissue, 
generally consisting of small, densely packed glands, as • 
compared with poorly differentiated tumors that are 
characterized by a loss of structural integrity and look 
like sheets of cells with little tendency to form glands. 1 " 
Patients with poorly differentiated tumors, Gleason 
grades 7 to 10, have a high probability of dying from 
prostate cancer. (See Fig. 8.) 

The Gleason scale is controversial because of lack of 
agreement and reproducibility of results, Gleason- 
trained clinicians tend to agree 80% of the time, 
whereas non-Gleason trained clinicians agree only 70% . 
of the time. Although the reproducibility of results has 
been questioned, recent studies indicated that patients 
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Fl8. 8, Different patterns of prostate cancer ranging from well 
differentiated (top) to moderately differentiated (center) to poorly 
' differentiated (bottom), all occurring in the same tumor. (Art- 
work reprinted with permission from Mostofi FK, Sesterhenn I, 
Sorbin LH. Histological typing of prostate tumors. In: Inter- 
national Histological Classification of Tumors, XXII. 
Geneva: World Health Organization; 1980.) 



with a Gleason sum of less than 5 had only a 13% 
chance of having nodular involvement, whereas 
patients with a sum of 9 pr 10 had a 100% chance of 
nodal disease. 

Another study confirmed these results and showed 
that a Gleason sum of 8, 9 or 10 was associated with a 
93% chance of nodular metastatic disease, and those 
with a sum of 2, 3 or 4 had no nodal involvement 
Patients with intermediate scores of 5, 6 or 7 had a 31% 
risk of nodal involvement. (See Kg. 9.) 

Tumor volume also is an important prognostic indi- 
cator in the assessment of extracapsular spread. Tumor 
volumes of less than 0.5 cc are rarely associated with 
extracapsular spread. As the tumor volume increases to 
1.0 cc and greater, extracapsular spread is common. 
Tumors greater than 3.0 cm in size usually have invaded 
the seminal vesicles; overt metastases, however, rarely 
appear before the tumor has reached 4.0 cm in size.' 

A study by McNeal and colleagues demonstrated 
that the volume of the poorly differentiated portion of 
a moderate to poorly differentiated cancer had a high 
predictive value for nodal involvement. In the study of 
209 patients with prostate cancer, only one of 171 
patients with a histologic pattern of 4 of 5 and a tumor 
volume of less than S;2 cc had nodular involvement, 
whereas 22 of 38 patients with a similar histologic pat- 
tern and tumor volume greater than 3.2 cc had nodal 
involvement. Nodal involvement is known to be a poor 
prognostic indicator, and the risk of dying from pros- 
tate cancer is directly proportional to the extent of 
nodal involvement. 5 *"-™ 
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Fig. 9. The risk of nodular involvement as a function of 
Gleason sum. 
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Table 2 

Clinical Staging Systems for Prostate Cancer 



Clinically localized disease 

Incidental transurethral resection of prostate 

• Focal, low-grade 

• Diffuse, high-grade 
Diagnosed on TRUS-gulded biopsy, 

prompted by elevated PSA only 
Clinically detected 

• Palpable tumor 1 lobe . 



• Palpable tumor both, lobes 

• Palpable beyond capsule 

• Extending to lateral sulcus 

• Extending to base of seminal veslcle(s) 
■ Beyond base of seminal vaslcte(s) 

• Invades sphincter, bladder neck or rectum 

• Invades levator muscles or pelvic side wall 



Tumor Staging Systems 

Tumor staging is the careful 

attempt by the clinician to 

determine whether cancer has 

spread from the point of origin 

and, if so, to what extent. It is 

essential to an accurate prog- 
nosis, and recommended treat- 
ment protocols are contingent 

upon determining the extent 

of the disease. 

Two staging systems are in 

use: the Whitmorejewett sys- 
tem, developed in 1975, and 

the American Joint Committee 

for Cancer TNM (tumor, node, 

metastases) system. The TNM 

system is gaining popularity. 11 
The Jewett system and the 

TNM systems are outlined in 

Table 2. Both systems divide 

prostate cancer into distinct 

categories, with subgroups 

within certain categories. 
Stage A (T u< ) tumors are not 
detectable with DRE. Lesions 
are generally well differen- 
tiated and discovered inciden- 

. tally. There is no clinical evi- 
dence of spread beyond the 
prostate. Stage Bj (T 2a ) cancer is characterized by moderately to poorly 
differentiated cells, with a tumor size of less than 1.5 cm and confined to 
one lobe of the prostate. Stage B 2 (T Sc ) cancers are greater than 1.5 cm 
and may involve two lobes. 

When the cancer has spread beyond the prostate, it is defined as 
Stage C (T 3 and T 4 ). Patients often begin to experience urinary abnor- 
malities in this stage. Once metastases have been found in the bones or 
other organs, prostate cancer is defined as stage D (T M , Nj_ s ). 

Stage A Prostate Cancer 
Stage A tumors are referred to as latent or autopsy tumors because they 
are nonpalpable, produce no symptoms and often are discovered inciden- 
tally during treatment for BPH or upon autopsy. (See Fig. 10.) Approxi- 
mately 10% of patients who undergo removal of the prostate for BPH will 
have histological evidence of carcinoma upon biopsy. In addition, the 
clinical prevalence of stage A carcinoma of the prostate is twice the rate of 
cancers found during prostatectomy in patients of similar age. This 
phenomenon may help to explain why most stage A carcinomas, which 
tend to arise in the peripheral zone of the prostate, are underdetected. • ' 



• Pelvic lymph nodes only 

• Bones, lung, etc. 

• Lung, liver, brain 

• elevated acid phosphatase onty • 

• Hormonally refractory 



B,(s2cm) 
Ba (>2 cm) 



Tja^/alobe) 
Ta b (>Vilobe 
but <1 lobe) 

T 2C 




Fig. 10, Digital palpation of the prostate 
is normal in patients with stage A carcino- 
ma. No nodules or areas of induration sus- 
picious for carcinoma should be evident. 
(Artwork reprinted with permission from 
Smith JA, Middleton RG. CTmical Man- 
agement of Prostate Cancer, Chicago, 
fit Year Book Medical Publishers; 1987.) 
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The differential progression of stage A tumors has 
led to the creation of two subcategories: stages Aj and 
A 2 . Stage Aj tumors (low grade, low volume tumors) 
are well differentiated, clinically insignificant tumors 
that are unlikely to metastasize during the patient's life- 
time. In general, low volume is denned as the involve- 
ment of 3 to 5 foci or a tumor volume of less than 5% 
of the total specimen. Stage A 2 tumors are considered 
aggressive cancers. They tend to be diffuse or poorly 
differentiated and encompass a larger volume than stage 
A x cancers, with 6 or more foci or greater than 5% 
involvement. Stage Aj tumors are associated with dis- 
tant metastases in as many as 25% of patients. This sur- 
passes the rate of metastases common in patients with Bj 
tumors and approaches that reported for B<; tumors. 
These findings underscore the fact that nonpalpable 
lesibris can mask clinically significant cancers, resulting 
in a poor prognosis and metastatic activity. Stage A can- 
cers usually are detected during transurethral resection 
of the prostate related to urinary obstruction. 

Stage B Prostate Cancer 
Stage B tumors include all palpable tumors contained 
within the prostate gland. (See Fig. 11.) Stage B tumors 
generally are asymptomatic and found during routine 
examination. There is no evidence of extracapsular 
spread, and any symptoms of urinary obstruction are 
related to prostatic hypertrophy. Diagnosis is con- 
firmed with a biopsy of the lesions in question. 



Stage B substages are defined according to the size of 
the palpable lesions. Solitary lesions less than 1.5 cm in 
diameter are labeled as stage Bj tumors; those over 1.5 
cm are considered stage tumors. Tumors with two or 
more distinct lesions, regardless of size, also are defined 
as stage B2."" Table 3 shows the probability of nodal 
involvement with stage B prostate cancer. 



Table 3 

Probability of Nodal Involvement 
In Patients with Stage B Prostate 


Cancer 




Stage B, 

(12% ot these 
pts. have nodal 
Involvement) 


Stage B 2 

(27% of these 
pts. have nodal 
. involvement) 


% of well-differentiated 
tumors with nodal Involve- 
ment / Total % of pts, with 
well-differentiated tumors 


4%/ 33% 
(1.3% Of total) 


1B%/18% ' 
(3.2% of total) 


% of moderately differenti- 
ated tumors with nodal 
involvement / Total % of 
pts. with moderately differ- 
entiated tumors 


14%/ 60% 
(8.4% of total) 


27%/ 69% 
(18.6% of total) 


% of poorly differentiated 
tumors with nodat Involve- 
ment / Total % of pts. wlih 
poorly differentiated tumors 


33% 1 7% 
(2.3% of total) 


43% / 13% 
(5.6% of total) 





STAGE B2 PROSTATE 



Fig. 1 1 . The two substages of stage B prostate cancer. A: Stage B, adenocarcinoma of the prostate. A classic Jewett nodule is less than 
1.5 cm in size and surrounded by normal-feeling prostatic tissue. Bi In general, palpable nodules less than 2 cm in size that appear to 
be confined within the capsule of the prostate are considered to be stage B, tumors. Cj Stage B t adenocarcinoma includes tumors greater 
than 2 cm in site that are confined within the prostatic capsule. In addition, tumors that have two distinct nodules are considered to be 
stage Bp even if neither is larger than 1.5 cm to 2 cm. (Artwork reprinted with permission from Smith JA, Middleton RG. Clinical 
Management of Prostate Cancer. Chicago, IU: Year Book Medical Publishers Inc; 1 987.) 
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Stage C Prostate Cancer 
Stage C prostate cancer describes locally advanced 
palpable tumors that have not metastasized to distant 
areas or to the lymph nodes but have spread beyond 
the prostatic capsule. Stage C tumors are characterized 
by lateral spread to the levator muscles or the pelvic 
side walls or superior spread into the seminal vesicles 
or base of the bladder. (See Fig. 12.) 

Stage C tumors are divided into two substages — C, 
and Stage includes tumors with minimal 
amounts of palpable extracapsular spread, while stage 
Q tumors are larger, greater than 5 cm in diameter 
and may be associated with symptoms or urinary 
obstruction. Recent studies indicate that stage C 
tumors-account for approximately 15% of tumors 
found upon initial diagnosis. 

Stage C tumors are aggressive, with 70% of patients 
undergoing disease progression. Only 1 5%. of patients 
with stage C cancer have well-differentiated tumors; 
65% have moderately differentiated tumors and more 
than 20% have poorly differentiated tumors. Without 
effective treatment, the 5-year survival rate is 58% and 
the overall 10-year survival rate is 20%. Seminal vesicle 
involvement portends a poor long-term prognosis." " 

Stage D Prostate Cancer 
Stage D prostate cancers have metastasized beyond 
the area surrounding the prostate. Stage Dp identifies 
patients In whom the only evidence of metastases is an 
elevated serum acid phosphatase level, which usually 
indicates extracapsular spread to the lymph nodes or 
bone. Stage D) tumors have reached the lymph nodes 
but are not detected elsewhere. Stage D 2 cancers have 
spread beyond the lymph nodes to other soft tissues and 
to the bones. Long-term prognosis for patients with 
stage D tumors is poor, and 75% of patients will develop 
skeletal metastases in 5 years. Local or regional therapy 
is ineffective, and many experts believe the patient 
should be spared the morbidity associated with treat- 
ments that are unlikely to offer any benefit.*"' 11 

Staging Techniques 

Once diagnosed, prostate cancer must be properly 
staged and evaluated. The volume of prostate cancer is 
directly correlated with the probability of extracapsular 
spread and prognosis, Accordingly, the method of 
treatment is contingent upon the extent of the cancer. 
Techniques used to determine the extent of dissemina- 
tion of prostate cancer and histological differentiation 




Fig. 1 2. Stage C prostate cancer includes tumors in which 
there is extracapsular extension but no distant disease. Tumors 
often extend superiorly into the base of the seminal vesicle (left) ■ 
or laterally beyond the prostatic capsule (right). (Artwork 
reprinted with permission from Smith JA, Middletm RG. Clini- 
cal Management of Prostate Cancer. Chicago, HI: Year 
Book Medical Publishers Inc; 1987.) 



include sonography, computed tomography, magnetic 
resonance imaging, radionuclide bone scans and lym- 
phangiography. The serum level of PSA has been used 
to stage cancers and according to some experts seems 
to be the most important predictor of outcome. w ° 

Computed Tomography 
Computed tomography is used in the local staging 
of prostate cancer to visualize the prostate, bladder and 
seminal vesicles and their relationship to other organs. 
(See Fig. IS.) The evaluation of pelvic lymph nodes is 
paramount in detecting extracapsular spread and is 
one of the most important prognostic indicators for 
patients with prostate cancer, 

Unfortunately, however, studies indicate that CT is 
not very accurate in the assessment of localized prostate 
cancers, tending to underestimate tumor volume and 
lymphatic involvement. In fact, most patients with 
organ-confined cancer will have a normal CT scan. 
This phenomenon is related in part to the curved 
nature of the tissue planes surrounding the prostate 
and seminal vesicles, which are not visualized well in 
transverse slices. Horizontal tumor extension is hard to 
detect, and microscopic spread is not visible with CT. 

In addition, CT has limited reliability (positive pre- 
dictability of 70% to 80%) in evaluating the spread of 
prostate cancer to the lymph nodes. In a study by Ger- 
vasi et al, ,w investigators found that for patients with 
prostate cancer, the risk of metastatic disease at 10 years 
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Fig. 13. CTscan confirming stage C cancer of the prostate, 
indicating tumor extension to bladder base and left seminal 
vesicle, CT is used in the local staging of prostate cancer to visu- 
alize the prostate, bladder and seminal vesicles and their relation- 
ship to other organs. (Artwork reprinted with permission from 
Smith fA, Middleton RG. Clinical Management of Prostate 
Cancer, Chicago, III: Year Book Medical Publishers Inq 1987.) 




Fig. 1 4. CT scan showing destruction of left lateral side of 
vertebral body with soft-tissue mass from metastatic carcinoma 
of the prostate. CT scans may be particularly useful in deter- 
mining the nature of abnormal uptake in the spine on a bone 
scan. (Artwork reprinted with permission from Smith J A, 
Middleton RG. Clinical Management of Prostate Cancer. 
Chicago, III: Year Book Medical Publishers. Inc; 1987.) 



was 31 % ± 7% for patients with no lymph node involve- 
ment, compared with 83% ± 7% for patients with at 
least one malignant node. Because CT is unable, to 
reveal the internal structure of the lymph node, a diag- 
nosis of extracapsular spread is based on the size of the 
lymph node as a possible indicator of neoplastic 
involvement Since lymph nodes are variable in size, 
small, nonenlarged lymph nodes with micrometastases 
may be overlooked and enlarged lymph nodes with 
nonmalignant processes may be inaccurately diag- 
nosed, making CT an imprecise diagnostic tool for 
prostate cancer. However, CT scans may be particu- 
larly useful in determining the nature of abnormal 
uptake in the spine on a bone scan." (See Tig. 14.) 

Magnetic Resonance Imaging 
MRI evaluation of the pelvic lymph nodes suffers 
from many of the same limitations as CT.. Diagnosis is 
based on the relative size of the lymph nodes to deter- 
mine possible extracapsular spread of the cancer, 
resulting in false-negative readings when the nodes are 
within a normal size range and false-positive readings 
when the nodes are enlarged due to other factors such 
as unrelated infection. In addition, MRI's sensitivity in 
the detection of malignant lymph nodes ranges 
between 4% to 69%, with an average value of 81%. , IM 

Lymphangiography 
Bipedal lymphangiography is the most extensively 
investigated nonsurgical means of evaluating the pelvic 
lymph nodes for the spread of prostate cancer. It 
involves the injection of a contrast medium into the 
lymphatic vessels on the dorsum of the feet and lymph 
nodes. Radiographs are taken immediately and 24 
hours after injection to evaluate lymphatic architecture. 
Lymph node metastases from prostate cancer may. dis- 
tort the internal structure of the lymph nodes and 
appear as filling defects within them. An abnormal 
result occurs when filling defects within the lymph 
node are identified or when there is gross distortion of 
the internal organization of the lymph node. 

Lymph nodes represent the primary drainage site of 
the prostate, and there is controversy whether they are 
consistently filled and visualized during lymphangio- 
graphy. Due to the profound effects of a false-positive 
diagnosis, strict criteria of interpretation is employed, 
reducing the false-positive rate to 10%. In all cases, his- 
tological confirmation by fine-needle aspiration should 
be employed to confirm the diagnosis. 5 *''' 
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Recently, investigators have combined lymphangio- 
graphy with fine needle aspiration of filling defects to 
stage prostate cancer. Biopsies performed of filling 
defects visualized upon lymphangiography are positive 
in 50% to 90% of patients with suspicious lymphangio- 
grams, whereas only 15% of patients with normal lym- 
phangiograms have positive biopsies. False-positive 
results during lymphangiography are uncommon, rang- 
ing between 5% and 10%. 

Although lymphangiography is associated with a 
relatively low incidence of false-negative results, it often 
lacks the sensitivity to detect lymphatic spread. The 
presence of nodal metastases is detected in only 50% to 
60% of patients because some of the nodes are not 
consistently visualized, and micrometastases cannot be 
detected. In some cases, extensive metastatic disease 
can completely replace a lymph node, resulting in non- 
filling and lack of detection. In fact, retrospective 
studies have demonstrated that only 25% of patients . 
with histologically proven lymph node metastases had a 
preoperative diagnosis of positive lymph node metas- 
tases using lymphangiography alone. This statistic 
underscores the need for a more sensitive and reliable 
noninvasive staging procedure."' 1 * 11 

Lymphadenectomy 
Lymph node metastases occur in as many as 25% of 
patients with stage A 2 carcinoma, 12% of patients with 
stage Bj carcinoma, 30% of patients withBj carcinoma 
and more than 50% of patients with stage C carcinoma. 
Stage D] carcinoma is defined by the presence of nodal, 
metastases.*" 

• Because noninvasive techniques used to evaluate 
lymphatic involvement have proven to be less than 
accurate, many urologists use lymphadenectomy, or dis- 
section of the lymph nodes, to detect the presence of 
metastases. Lymph node dissection is used as a staging 
procedure prior to radical prostatectomy to eliminate 
the possibility of extracapsular spread. Dissection also 
should include primary areas of prostate drainage to 
eliminate metastatic activity. The operation originally 
was designed to remove the obturator and hypogastric 
lymph nodes and is performed under general, spinal or 
epidural anesthesia with the patients in the supine or 
an exaggerated lithotomy position. 11 * (See Fig. 15). 

Unfortunately, a false-negative rate for lympha- 
denectomy as high as 8% to 19% has been reported in 
patients with normal seeming nodes, and frozen sec- 
tion has failed to identify as many as 20% to 40% of 




Fig. 1 5. Pelvic anatomy for modified pelvic lymph node dissec- 
tion as a staging procedure for prostate cancer. The dotted line 
highlights the area of the dissection. {Artwork reprinted xoith 
permission from Smith fA, MiddlelonRG. Clinical Manage- 
ment of Prostate Cancer. Chicago, III: Year Book Medical 
Publishers Inc; 1987.) 



patients with microscopic metastases. In addition, 
there is significant morbidity associated with the proce- 
dure, including edema of the lower extremities and 
genitals and related infection. Combination therapy of 
lymphadenectomy and external radiation beam therapy 
is particularly morbid, with as many as 46% of patients 
reporting disabling edema of the genitals and/or lower 
extremities. 

Recent reports of a modified or limited nodal dissec- 
tion suggest favorable results. Modified lymphadenec- 
tomy seems to be associated with reduced side effects, 
lower morbidity and less operating time."* Controversy 
exists concerning the sensitivity of the test, however, 
with experts debating the range of false-negative results. 

Tumor grade is also an important indicator of pelvic 
lymph node metastatic activity, More than half of 
patients with poorly differentiated tumors at any stage 
have nodal infiltration, compared with a 10% incidence 
of nodal spread in patients with welkiifferentiated 
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Rg. 16. Correlation between (he level of tumor cell differentia- 
tion (well differentiated, moderately differentiated or poorly dif- 
ferentiated) and the likelihood of nodular extension. 
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Flfl. 17. Correlation between tumor stage and grade and likeli- 
hood of pelvic node involvement. Tumor grade and stage are 
directly correlated with the risk of extracapsular spread. The 
figure shows that 5 % of well-differentiated stage B, tumors have 
pelvic node involvement, 18% of moderately differentiated. stage 
B 2 tumors have lymph node involvement, 40% of poorly differ- 
entiated stage B 2 tumors have nodal infiltration, and 90% of 
poorly differentiated stage C tumors have spread to the lymph 
node. 



tumors. Approximately 2B% of patients with moder- 
ately differentiated tumors have nodal involvement, 
(See Fig. 16.) 

Considered in tandem, tumor stage and grade are 
probable indicators of the status of pelvic lymph node 
metastases. The incidence oflymph node metastases in 
patients with well-differen dated stage Bi tumors is less 
than 5%, whereas 18% of patients with moderately dif- 
ferentiated stage B 2 tumors will have metastases. This 
rate jumps to 40% in patients with poorly differentiated 
B2 lesions. Not surprisingly, poorly differentiated stage 
C tumors are associated with a 90% risk of lymph node 
metastases."" (See Fig. 17.) 

Radionuclide Bone Scanning 
Bone scans are the most sensitive means available 
to detect skeletal metastases and are used to confirm 
or eliminate a diagnosis of stage D prostate cancer. 
Approximately 10% to 50% of patients with distant 
metastases will have positive bone scans despite normal 
bone radiographs. Solitary lesions may be difiicult to 
interpret, and as many as 10% of metastatic lesions are 
solitary. Single abnormal areas of uptake are more 
likely to be due to cancer if located in the spinal col- 
umn as compared to the ribs. Bone destruction also 
may be evident if a tumor is present. Healing fractures 
also can appear as solitary lesions, but these can be 
eliminated from the diagnosis with a complete clinical 
history. Areas of degenerative arthritis may be idenu- 
fied, but these areas are usually symmetrical and tend 
to involve the lumbar spine, sacroiliac joints and 
acromioclavicular joints. 7 * 1 * 11 

Bone scans are highly sensitive in the detection of 
bone lesions. In fact, false-negative bone scans occur in 
less than 2% of patients. To date, the most effective 
radiopharmaceutical agent used in radionuclide bone 
scanning is technetium 99 methylene diphosphonatc. 
It accumulates in areas of increased bone turnover, has 
the highest bone/soft tissue ratio and permits imaging 
2 hours after injection'. 

Because Tc is excreted by the kidneys, it is possible 
to visualize the kidneys, bladder and ureter with a bone 
scan. Ureteral obstruction related to prostate cancer 
also may be detected using a bone scan. (See Fig. 18.) 
Hypersensitivity to "Tc is uncommon; in addition, 
patients are exposed to a relatively low level of radia- 
tion, averaging around 1.4 rad. It is recommended, 
however, that questionable bone scan results be 
reviewed in conjunction with x-rays to further evaluate 
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areas of increased isotope uptake. Most bone metas- 
tases can be seen on radiographs because of increased 
bone density and loss of trabecular pattern. However, 
as a primary screening technique, x-rays are considered 
to be relatively insensitive since a substantial percent- 
age of bone must be replaced by a tumor before a 
lesion is visualized. The trabecular pattern often is 
obscured in prostate cancer, making visualization diffi- 
cult with x-ray alone." 

Bone scans also are useful in determining the origin 
of pain in patients with prostate cancer. Because of the 
frequent involvement of the spine in metastatic pros- 
tate cancer, nerve compression can radiate cancer pain 
to distant sites. If the sites show no evidence of metas- 
tases, palliative therapy can be directed at point of ori- 
gin in the spine. Soft tissue metastases can occur in the 
absence of bone metastases in any area of the body and 
usually are found upon autopsy in patients with late 
stage disease. 1 " 

Ultrasound 

Ultrasound is useful in the detection of nodes 
greater than 2 cm, although nodes that large are gener- 
ally associated with extracapsular spread and distant 
metastases. Fine needle aspiration should be per- 
formed to eliminate false-positive errors in diagnosis."" 

Treatment Options 

Finding the most efficacious treatment for prostate 
cancer is a conundrum. Due to a lack of well con- 
trolled, long-term studies, it is impossible to identify a 
particular mode of therapy that will result in optimal 
treatment for a particular patient. Treatment depends 
on the grade and stage of the disease as well as patient 
preference. No single mode of therapy has been clear- 
ly demonstrated to be superior to any other mode of 
therapy for a particular stage of prostate cancer. In 
addition, many of the studies investigating treatment 
outcomes have been retrospective studies subject to 
selection bias. 

With the enhanced sensitivity of new screening tech- 
niques such as the PSA test, the. incidence of newly 
diagnosed cases of prostate cancer is increasing at a 
substantial rate each year. In addition, the aging of the 
population and decreased morbidity from other age- 
related diseases has led to and will continue to con- 
tribute to an increase in the proportion of elderly men 
making up the male population. Improved survival in 
elderly men will contribute to an increased incidence 



in the number of cases of prostate cancer diagnosed 
and will result in more deaths from prostate cancer 
over time." 

Because prostate cancer will continue to grow as a 
major cause of death among men, research is under 
way to develop enhanced early screening and detection 
protocols to catch and accurately identify prostate can- 
cer in its early stages when treatment is most effective. 
At present, there is still controversy regarding the 
importance of early detection and its ultimate effect on 
mortality rates. To date, early screening attempts have 
not had a significant impact on overall morbidity and 
mortality rates, which continue to climb annually. 

Current treatment protocols range from watchful 
waiting for men with low grade, early stage prostate 
cancer to radical prostatectomy for capsular-confined 
prostate cancer to palliative therapy for patients with 
nodal infiltration and distant metastases. Although 




Fi9. 18. Bone scan indicating several areas of metastatic 
uptake in the lumbar spine. In addition, bilateral retention of 
the radionuclide in the kidneys is evident secondary to ureteral 
obstruction. Although a bone scan provides relatively imprecise 
anatomical detail, it can be useful in excluding or detecting 
uropathy. (Artwork reprinted with permission from Smith JA, 
Middleton KG. Clinical Management of Prostate Cancer. 
Chicago, ilk Year Book Medical Publishers Inc; 1987.) 
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there is still much confusion about the progression and 
biologic potential of prostate cancer, several treatment 
modalities exist that must .be individually evaluated 
regarding side effect potential, recurrence rates, 
expense and individual preference. 

Patients should be presented with appropriate 
options based on the grade and extent of the disease 
and counseled regarding a course of therapy. Each 
treatment method is described below, Table 4 also out- 
lines the current treatment options. 

Surgery (Prostatectomy) 
Radical prostatectomy is the surgical removal of the 
entire prostate including the capsule, a layer of surround- 
ing connective tissue and attached seminal vesicles, it is 
recommended when there is no evidence of extracapsu- 
lar spread, such as stages A2, Bj and Bj, The surgery can 
be performed one of two ways. In retropubic prostatec- 
tomy, an incision is made in the abdomen through which 
the prostate and lymph nodes are removed; in perinea] 



prostatectomy, an incision is made in the area between 
the scrotum and the anus to remove the prostate. 
Lymph nodes may be removed through a separate inci- 
sion in the abdomen."'' 5 '"-"" 

Evidence of nodal involvement is a contraindication 
for surgery, and it is therefore essential that patients be 
correctly staged prior to prostatectomy. Accordingly, a 
lymphadenectomy is often performed prior to or in 
conjunction with surgery to confirm the diagnosis of 
clinically localized cancer and eliminate the possibility 
of nodal infiltratipn. 

In general, patients treated with radical prostatec- 
tomy for clinically localized prostate cancer can expect 
a survival rate similar to men without cancer in their 
age cohort Disease-free survival rates are 91% at 5 
years, 47% to 63% at 10 years and 25% to 50% at 15 
years. However, direct comparison between survival 
rates of surgery to other treatment methodologies is 
not possible due to a lack of available data from con- 
trolled studies. 



Table 4 

Patient Characteristics and Outcomes of Localized Prostate Cancer Treatment 




Watchful Wafting 
Median (CI) n 


Radiation T 
Median (CI) 


ierapy 
n 


Radical Prostatectomy 
Median (CI) n 


Patient Characteristics 

Age 


71 

(69 - 73) 


27 


66 
(64 - 66) 


49 


63 
(61 • 64) 


33 


Percent of cancers 
poorly differentiated 


7 

(6-11) ' 


19 


21 
(13-24) 


45 


11 
(6-25) 


22 


Outcomes 

Annua! mortality rale 
All causes 


.060 
(.050 - .04) 


27 


.045 
(.040 - .052) 


45 


.032 
(.020 - .044) 


27 


Cancer-specltic 


.009 
(.006 - .012) 


23 


.023 
(.010 -.030) 


22 


.009 
(.007 - .013) 


23 


Metastatic rate 


.017 
(.011 - .043) 


15 


.050 
(.030 - .095) 


17 


.023 
(.01 4 -.025) 


18 


KEY: CI = 95% confidence interval; n = number c 

Source: Office of Technology Assessment, 1895 
ture review of treatment for localized prostate can 


f studies, which varies since not all studies supply all data of Interest. 
Data from Wesson JH, Cushman CC, Bruskewiu RC, et al. A structure! 
cer. Archives of Family Medicine. 1993;2:487-493. 


lltera- 
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Table 5 



In addition to surgical-related morbidity, 
radical prostatectomy is associated with a sig- 
nificant possibility of side effects such as 
incontinence and impotence. {See Table 5.) 
Urinary incontinence after traditional surgical 
removal of the prostate occurs in 2.5% to 87% 
of patients, and permanent impotence occurs 
in most patients. Both side effects are the. 
result of injury to the bladder opening and 
the nerve bundles surrounding the prostate 
that are required in penile erection. Walsh 
and Donker 108 improved the understanding of 
prostate anatomy when they discovered the 
anatomical location of these nerve bundles. 
(See Fig. 19.) This discovery led to the devel- 
opment of a modified nerve-sparing radical 
prostatectomy. This modified procedure is 
associated with less postoperative dysfunction 
and a substantial reduction in blood loss dur- 
ing surgery. Permanent incontinence occurs 
in less than 2% of patients, and potency 
returns within a year for 50% to 80% of 
patients, although men who have undergone 
prostatectomy no longer produce semen," 

Following radical prostatectomy, PSA levels 
become undetectable. Because, of die high level of accu- 
racy in the detection of PSA, any subsequent increases in 
PSA levels indicate residual prostatic cancer cells.and a 
second method of treatment must be considered.*" 9 

External Beam Radiation 

External beam radiation has proven successful in the 
treatment of localized prostate cancer and is associated 
with a success rate comparable to surgery for patients 
with localized prostate cancer,"" 04 -'™ The. survival rate 
for patients with localized prostate cancer, stages A 
and B, treated with external beam radiation is similar 
to that for age-adjusted cohorts without prostate can- 
cer. Local control for stage A and B tumors has been 
reported in the range of 77% to 97%. 

PSA levels also are being used to evaluate the effec- 
tiveness of radiation therapy. External beam radiation 
is the preferred method of treatment for patients with 
stage C or Dj disease for whom surgery is contraindi- 
cated because of extracapsular spread. However, its suc- 
cess rate in the treatment of extracapsular spread 
remains controversial, and in .particular, the combina- 
tion of prostatectomy and external radiation is extreme- 
ly morbid and contraindicated. The majority of patients 



Among Medicare Beneficiaries 



Prostatectomy 



% of Men 
Reporting 



Attributable 30-day post-operative mortality 
Cardiopulmonary complications 



onununue 

■ Wore pads or other devices for Incontinence 31 .0 

• Dripped more than a few drops dally 23.0 

• Underwent surgical treatment for Incontinence 6.0 
•Had a catheter 20 

fmpotence 

• Had ability to have erections prior to surgery 90.0 

• No fuR or partial erections since surgery 61 .0 

• Had erections firm enough for intercourse 
In previous month 11™ 

Medical treatment for stricture 2-4 years after surgery 20.0 

Source; Office of Technology Assessment 1995. Data from Fowler FJ, 
Barry MS Roman A. et at. Patient-reported complications and follow-up 
treatment after radical prostatectomy: the national Medicare experience, 
1988-1990 (updated June 1093). Urology. 1993;42:622-629. 



with stage D, tumors treated with radiation therapy are 
physically and clinically well for up to a year after treat- 
ment, but 69% of these patients will have persistently 
abnormal PSA levels indicative of residual cancer cells 
arid are at high risk for a clinical relapse."™" 

External radiation generally is delivered in a daily 
dose of 180 cGy to 200 cGy for a period of 6 to 7 weeks 
(total dose 6200 cGy to 7400 cGy). Potential complica- 
tions include impotence, incontinence, cystitis, urethral 
strictures, prostatitis, diarrhea, edema of the lower 
extremities and bone marrow suppression. Patients 
also may become physically tired, and they should be 
instructed to gel as much rest as possible during their 
course of treatment. It is not uncommon for erythema 
to develop and for the skin to become red or dry in the 
area of treatment. Affected skin should be exposed to 
the air as.much as possible and.patients should be 
instructed to avoid wearing tight clothing. Patients also 
must be instructed not to use creams or lotions on 
affected skin without their doctor's approval.""' 

In addition to traditional external beam photon irra- 
diation, other modalities are being investigated, includ- 
• ing protons and neutron beams in an effort to improve 
delivery and reduce the level of scatter radiation." 
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Conformal Therapy 

Conformal therapy was developed to enhance the 
effectiveness of external beam radiation therapy for 
patients with bulky primary tumors. It usually is 
reserved for patients with stage B 2 and stage C prostate 
tumors. It also is indicated for patients with, persis- 
tently positive biopsies after conventional radiation 
doses of 7000 cGy have not proven effective and larger 
doses are required for tumor clearance. 

Increasing the radiation dose beyond 7000 cGy 
via conventional radiation is not feasible because of 
a disproportionate increase in normal tissue compli- 
cations, Despite the availability of CT and MRI, con- 
ventional radiation therapy often is based solely on 
DRE findings and the use of standard bony landmarks 
for the establishment of radiation field borders. How- 
ever, it has been demonstrated that when traditional 
localization methods are superimposed over CT and 
MRI images, estimated prostate volume routinely 
exceeds the volume adequately treated by the small 
square radiation boost portals. 

In an effort to better visualize the prostate and pro- 
vide higher dose radiation delivery, the technique of 
conformal therapy was developed."'" Conformal 





UGATED STUMP OF 
DORSAL VEIN COMPLEX 


URETHRA^. 




SEVERED PUBOPROSTATIC 
'LIGAMENT 


BLADDER 




Iff/ 






■/ 






A 



therapy is based on the hypothesis that more successful 
eradication of tumor cells will be achieved through the 
application of higher doses of radiation that are con- 
formed to the individual shape and size of the prostate. 
Accordingly, an individual treatment plan is developed 
based' on a three-dimensional model of the prostate 
and surrounding organs, factoring tumor localization 
and volume into account. 

By using CT, volumetric imaging is possible from any 
perspective and treatment can be optimized with 
respect to tumor coverage and sparing of adjacent tis- 
sues. It is possible, in fact, to calculate the exact 
amount of radiation a given structure is receiving so 
that areas of under- or overdosing can be identified and 
corrected during the procedure.''"* 

Recently, the effect of prostate motion and move- 
ment of adjacent organs during external radiation 
beam therapy has come into question. Because the 
range of motion of internal organs varies from patient 
to patient, prostate motion for a particular individual 
must be taken into consideration when developing a 
treatment regimen. As such, the target volume 
required may need to be individualized according to 
the range of motion. 




Fig. 19. Anatomical depiction of modified radical prostatectomy. At Retropubic exposure of the prostate. The dorsal vein complex 
has been severed with ligatures. The prostatic apex and urethra are visualized. The neurovascular bundle responsible for erectile func- 
tion lies posterolateral to the urethra, B; After the prostate has been removed, bladder neck closure and vesicourethral anastomosis is 
performed. (Artwork reprinted with permission from Smith fA, Middleton RG. Clinical Management of Prostate Cancer. Chicago, 
III: Year Book Medical Publishers Inc; 1987.) 
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Brachytherapy (Internal Radiation Therapy) 
Brachytherapy is the delivery of selective doses of 
radiation to prostate tumors by the temporary or per- 
manent implantation of radioactive sources. Its clinical 
appeal has waxed and waned during the past 25 years, 
with recent advances in visualization techniques and 
dosimetry models- spurring renewed interest. 

Developed in the 1970s, the original technique of 
placing radioactive isotopes into the prostate relied on 
a' relatively imprecise means of localization. Sources 
were implanted freehand into the gland through an 
open surgical approach. The advent of a transperineal 
approach in conjunction with improved imaging tech- 
niques permits more accurate visualization of the 
tumor and has enhanced the accurate placement and 
distribution of the radioactive sources.' 041 "' (See Figs. 
20 and 21). 

The choice of isotope varies with the stage of the dis- 
ease. Some of the more commonly used isotopes are 
iodine 125, gold 198, palladium 103, ytterbium 169, 

' iridium 192 and indium 192, The goal of interstitial 
radiation therapy (in which radioactive sources are 
placed within tissue or an organ) is to achieve a specific 
level' of radiation that is sufficient to destroy the cancer 
cells without harming normal tissue."- 1 "' 

In terms of dose strength, 7400 cGy to 8040 cGy may 
be delivered with minimal increases in side effects to 
normal tissue. CT or TRUS images of the prostate are 
taken at 0.5 cm increments from top to bottom, and 
the rectum and bladder neck are identified. Contours 
of the prostate volume are entered into a treatment 
planning computer program so that different arrange- 
ments of needles and source strengths can be consid- 
ered. Three-dimensional radiation dose distributions 
for the prostate, with respect to the rectum and blad- 
der are generated to optimize tumor dose and mini- 
mize the radiation dose to normal tissues." 

Side effects related to brachytherapy vary according 
to dose and source used and its placement in relation 
to other organs and normal tissue. Trauma may be 
associated with the implantation procedure, such as 
perinea! discomfort, difficulty urinating, hematuria and 
infection. Hematuria generally resolves itself within 24 
hours after implantation. The use of prophylactic anti- 
biotics helps to reduce the possibility of infection. In 
general, brachytherapy has a favorable side effect prp- 

. file for patients with localized tumors, although its 
long-term value relies on its use in the treatment of 
patients with radiation refractory tumors.*" 




Fig. 20. Transperineal (1) and transrectal (2) needle 
approach to prostate, Radon seed needles usually are inserted 
through the perineum, although biopsies can be performed 
through either approach. (Artwork reprinted with permission 
JromBaumbruckerCO. Transurethral Prostatectomy; Tech- 
nique, Hazards, and Pitfalls. Baltimore, Md: Williams & 
Wmns Co; J 968.) 




Rfl. 21. Radiograph of 14 radon seeds placed in prostate 
gland using the transperineal route. (Artwork reprinted with 
permission from Baumbrucker GO. Transurethral Prostatec- 
tomy: Technique, Hazards, and Pitfalls. Baltimore, Md: 
WUiams & Wilkins Co; 1 968,) 
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Glossary 

Adenocarcinoma A cancer that develops In the glandu- 
lar lining of an organ. More than 95% of cancers are 
adenocarcinomas. 

Adrenal glands (stands located above the kidneys (one 
above each kidney). They produce several types of 
hormones, including a small amount of sex hormones, 

Anaplasla Loss of structural differentiation, especially 
seen in most, but not all, malignant cells. 

Androgens Male sex hormones produced by the testi- 
cles and In small amounts by the adrenal gland6, 

Antioncogenea A tumor-3uppressing gene Involved In 
controlling cellular growth; deactivation of this type of 
gene leads to unregulated cell growth as In cancer. 

Autosome Any chromosome other than a sex chromo- 
some normally occurring in pairs In somatic cells, or 
singly in gametes. 

Benign prostatic hyperplasia (BPH) A noncancerous 
condition in which an overgrowth of prostate tissue 
pushes against the urethra and the bladder. Also 
called benign prostatic hypertrophy. 

Lymph The almost colorless fluid that travels through 
■ the lymphatic system and carries, cells that help fight 
infection. 

Lymph nodes Small, bean-shaped, organs located 
along the channels of the lymphatic system. The • 
lymph nodes store special cells that can trap bacteria 
or cancer cells traveling through the body In lymph. . 

Metastasis The spread of cancer from one part of the 
body to another. Cells In the metastatic (secondary) 
tumor are like those In the original (primary) tumor. 

Oncogenes Any of a family of genes that normally code 

. for the production of proteins Involved in cellular 
growth and regulation, but that may foster malignant 
processes If mutated or activated by contact with 
retroviruses. 

Prostate-specific antigen (PSA) A protein In the blood 
that becomes elevated In men with prostate cancer or 
BPH. 

Prostatectomy Surgery to remove part of the prostate. 
A radical prostatectomy is surgery to remove the 
entire prostate. There are two types pf radical prosta- 
tectomy: the retropubic prostatectomy (removal of the 
prostate through an Incision in the abdomen) and per- 
ineal prostatectomy (removal of the prostate through 
an incision made between the scrotum and the anus). 

Soma All of an organism with the exception of the 
germ cells. , 

Transuretheral resection of the prostate The use of 
an Instrument Inserted through the penis to remove 
tissue from the prostate. Also called TUR or TURP. 



Internal radiation therapy also is being investigated 
for its potential use in the palliative treatment of meta- 
static bone pain. Intravenous injection of boneseeking 
radiopharmaceutical agents may be effective in pain 
control for patients who have not responded to hor- 
monal therapy or local radiation. Response rates rang- 
ing from 65% to 80% have been reported with stron- 
tium 89 and samarium 153, Side effects include myelo- 
toxicity and an initial flare up of bone pain. This flare- 
up response may be observed 2 to 3 days post injection 
and can last as long as 3 to 4 days. Studies suggest that 
a second injection may be helpful. Clinical trials are 
being conducted to determine whether this is a viable 
alternative for pain control in advanced disease.""*" 1 ' 

Brathytherapy may be performed via permanent 
implants or temporary, removable implants. Perma- 
nent implantation is performed on an outpatient basis 
with spinal anesthesia. Investigations are under way to 
develop an improved technique that will increase the 
accuracy of source placement by using modem treat- 
ment planning methods in conjunction with pertinent 
radiologic data, such as projected tumor doubling time, 
dose-rate effect and normal tissue toxicity. The incor- 
poration of CT imaging and TRUS permits accurate 
preimplantation determination of target volume and 
allows for the precision guidance of trocars inserted 
percutaneously through the transperineal or transrectal 
approaches without the need for surgery.™-" 0 

An example of a permanent implant is iridium 1 25. 
It has a half-life of 60 days and delivers radiation at a 
lower rate relative to other commercially available 
isotopes. There is concern, however, that tumors with 
fast doubling rates may reproduce fester than the cells 
can be eliminated. As such, researchers are investigat- 
ing' the application of new higher-dose radiation 
sources such as palladium 103 and iridium 192, which 
may be effective against more aggressive, faster dividing 
and higher grade tumors. For example, ""Pd has a 
half-life of 17 days, and its fester decay rate permits the 
delivery of a greater hourly dose to higher grade 

Iridium 192 is used as a temporary, removable inter- 
stitial implantation in many types of cancer. This high 
dose-rate isotope provides radiation ranging from 
50 cGy to 80 cGy per hour. Higher dose-rate isotopes 
pose a greater health threat for personnel exposure 
during the procedure and require careful handling. 

In general, interstitial radiation is used in combina- 
tion with external radiation for the treatment of more 
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advanced tumors. Complications vary with the type of 
implant used and the techniques employed. There is a 
concomitant increase in the number of potential com- 
plications with the use of higher dose-rate isotope 
implants. The majority of complications involve injury 
to the urinary tract However, long-term studies are 
needed to evaluate the effectiveness of the higher dose- 
rate isotopes and to effectively compare the clinical 
outcomes with tower dose-rate isotopes.'*" 0 

Chemotherapy 

To date, no truly effective chemotherapeutic agent 
has been found to halt the spread of metastasized 
prostate cancer. Most chemotherapeutic agents are 
used for their palliative effects only and have been inef- 
fective at halting tumor spread." "' 

Hyperthermia (Microwave Therapy) 
Hyperthermia, or the therapeutic heating of malig- 
nant tissue, has been used successfully to treat benign 
prostatic hyperplasia in the short term and has not 
been associated with major complications. Studies indi- 
cate that the size of the prostate does not seem to be a 
factor in clinical outcome and that improvement of 
symptoms seems to last at least 24 months. Results 
obtained were similar in scope to those achieved with 
transurethral resection of the prostate, but without the 
serious complications possible from surgery. 

Hyperthermia using microwave therapy may prove 
to be a promising alternative to surgery because it can 
be administered on an outpatient basis, thereby reduc- 
ing the need for hospitalization, minimizing inconve- 
nience to the patient and reducing related costs." 

Research shows that heat can cause tissue destruc- 
tion. Due to tumor vascularity, tumor cells do not 
dilate in the presence of heat like normal tissue and 
are more susceptible to the effects of heat damage than 
normal tissue. Both normal and malignant cells will 
die at temperatures above 45°C, and both will survive at 
temperatures below 40°C. 

It is important to note that sublethal heating of 
tumor tissue can result in future resistance to heat 
treatment. Studies have demonstrated that tumor cells 
heated to 43°C for 60 minutes will achieve the most 
pronounced differential. However, the use of hyper- 
thermia in the treatment of prostate cancer is extreme- 
ly controversial, and there is insufficient clinical experi- 
ence with this technique to warrant its use outside of.a 
clinical trial." 



Laser Therapy 
Laser ablation of prostate tumors is another appli- 
cation of the use of high temperatures to destroy can- 
cerous tissues, and studies are under way to compare 
and contrast the use of laser therapy with other tradi- 
tional treatment methodologies in the treatment of 
prostate cancer." 

Watchful Waiting 
Deferred treatment or "watchful waiting" b a term 
used to describe a wait-and-see approach to the treat- 
ment of patients with asymptomatic, early stage, low- 
grade tumors. In watchful waiting, no treatment is 
undertaken until there is evidence that the cancer vol- 
ume has increased and is beginning to spread. This 
approach is appealing to many patients because it is 
the least disruptive course of action, WMWW 

Research indicates that as many as 80% of men older 
than 50 have histologic evidence of prostate cancer 
upon autopsy. However, as few as 3% of men diagnosed 
■with prostate cancer will die from it and, in fact, most 
men die with prostate cancer rather than die from it 
These tumors, termed clinically insignificant or autopsy 
tumors, are believed by some experts to represent a his- 
tologically different carcinoma than the more clinically 
aggressive tumors found in higher-grade prostate can- 
cers. Recently, a group of researchers from the Mayo 
Clinic defined prostate tumors that are unlikely to grow 
larger than ?0 cc in volume during the projected life- 
time of the patient as clinically insignificant tumors. 5 *"-" 
The best candidates for watchful waiting are patients 
older than 75; patients with significant comorbidities 
such as coronary artery disease, insulh>dependent dia- 
betes and chronic pulmonary obstruction; patients with 
•■ low-grade, low-volume tumors and slow PSA doubling 
time; and patients with diploid tumors. Short-term sur- 
vival (5 years) for patients choosing deferred treatment 
is generally quite high, often more than 90%. 
Although there is no proof that aggressive therapy for 
early stage prostate cancer prevents metastases or 
reduces mortality rates, studies indicate that even with 
careful monitoring, nearly all of these patients' cancers 
will eventually progress, with roughly 50% of patients 
demonstrating evidence of progression 1 years after ini- 
tial diagnosis. Furthermore, the risk of metastatic 
spread increases dramatically after 8 to 10 years. 5 *' 1 " 
Patients who choose a course of watchful waiting are 
advised to undergo a yearly DRE and PSA evaluation to 
monitor cancer growth.' 
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Conclusion 

Although there is much confusion about the pro- 
gression and biologic potential of prostate cancer, sev- 
eral treatment modalities exist that must be individually 
evaluated regarding side effect potential, recurrence 
rates, expense and individual preference. Patients 
should be presented with appropriate options based on 
the grade and extent of the disease and counseled 
regarding a course of therapy." 1 '" 
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Detection of Circulating Tumor Cells in Men 
With Localized Prostate Cancer 



By Michael V. Seiden, Philip W. Kantoff, Krishna Krirhivas, Kathleen Propert, Margaret Bryant, Eric Haltom, 
Lisa Gaynes, Irving Kaplan, Glen Bubley, William DeWolf, and Jeffrey Sklar 

Purpose '. Using prostate-specific antigen (PSA) mRNA 
a* a marker for prostatic epithelial cells, we have devel- 
oped a sensitive technique that involves reverse tran- 
scription and polymerase chain reaction (RT-PCR) to de- 
lect circulating rumor cells In the peripheral blood of men 
with prostatic carcinoma (CaP). 

Patients end Methods : A sensitive RT-PCR assay was 
used to evaluate the peripheral Mood of 135 men with 
a history of CaP. Fourteen men with benign prostate dis- 
ease, many of whom had elevated serum PSA levels, 
were used as a control group. 



PCR, ... 

group, systemic disease was detoctod by RT-PCR in so 
men with PSA levels less than 1 0 ng/ml and clinical stage 
B disease. Blood from men with hormone-refractory and 
progressive CaP demonstrated a higher frequency of PSA 
mRNA detectable by RT-PCR (10 of iO patients). In con- 
trast, none of seven patients with newly diagnosed meta- 

metastatic, hormone-responsive disease had blood that 
was positive for PSA mRNA by RT-PCR. 

Cetncfosfon ; Circulating tumor cetls can be detected in 
the blood of a subset of patients with clinically localized 
CaP and a larger subsetof patients with progressive mot- 



APPROXIMATELY 50% of men with newly discov- 
ered prostatic carcinoma (CaP) are diagnosed at a 
stage of their disease when the tumor is localized to the 
prostate gland.' Local disease control, and potentially 
cure, can be achieved by either radical prostatectomy or 
pelvic irradiation in a subset of men with localized CaP. 
However, both procedures are associated with significant 
short- and long-terra morbidity. 2 Furthermore, staging 
procedures, currently including physical examination, 
pelvic computed tomographic (CT) scan, transrectal ultra- 
sound, magnetic resonance imaging' (MRl), and bone 



scan, are imprecise, and understaging is common. 5 Surro- 
gate markers that reflect the potential biologic and clinical 
aggressiveness of CaP, including histologic Gleason 
grade and serum prostate-specific antigen (PSA) protein 
level,' may add additional prognostic information to stan- 
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dard staging techniques. Nonetheless, capsular invasion, 
seminal vesicle invasion, and most importantly, micro- 
raetastatic disease are difficult to assess accurately before 
surgical resection of the prostate. Such understaged pa- 
tients are less likely to benefit from aggressive local ther- 
apy, although they incur all the risk of morbidity associ- 
ated with local therapy. Therefore, it would be desirable 
to develop better predictors of occult metastatic disease 
in patients with clinically localized disease. This report 
describes initial results of a highly sensitive assay that 
attempts to identify the subset of patients with clinically ' 
localized prostate cancer who have hematogenous dis- 
semination of tumor cells. 

Measurement of serum PSA has recently gained a 
prominent role in the evaluation pf patients with CaP. 
PSA is a 34-kd member of the kalUkrein-like serine prote- 
ase family of proteins* Synthesis of PSA is restricted to 
prostatic epithelium, and elevated serum PSA protein lev- 
els can be found in both benign and malignant diseases 
of the prostate. Although the serum level of PSA corre- 
lates with extent of disease in patients with CaP, accurate 
prediction of occult metastatic disease in an individual 
patient is not possible except in cases in which an individ- 
ual has extreme elevations of serum PSA. 5,6 

As an alternative to serum PSA protein, we have ex- 
plored PSA mRNA as a potential marker of metastatic 
CaP. In principle, RNA should have certain advantages 
over protein as a marker for metastatic disease. First, 
RNA is very unstable in the extracellular environment; 
therefore, detection of RNA should suggest the presence 
of circulating cells that express that particular RNA spe- 
cies. Additionally, sensitive detection of specific mRNA 
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species is possible through modification of the polymer- 
ase chain reaction (PCR) technique to include a prelimi- 
nary step of reverse transcription (RT-PCR). With these 
considerations in mind, and given the limitations of serum 
PSA as a predictor of metastatic CaP, we prospectively 
investigated PSA roRNA as a marker for circulating tu- 
mor cells in the blood of patients with CaP. 

PATIENTS AND METHODS 

Patients 

protocol review boards, patients were invited to participate in this 
trial at the Dana-Farber Cancer Institute and Beth Israel, New En- 
gland Deaconess, and Metrowest Hi 
tation for either localized or m 

ritfaagr . 

cancer (control group). Most of the men in the control group had 
an elevated serum PSA for which they were previously evaluated 
and found to be free of CaP. Approximately 2,5 to 5 mL of blood 
was collected in edatharoil anticoagulant from each study participant. 
Blood was drawn before digital rectal examination (DRE) and more 
than 2 weeks after prostate biopsy In all ci 
including clinical stage, Gleason grade, an 
(If any), were collected at the time of entry onto the study. Investiga- 
tors who performed the RT-PCR assay were blind! 
clinical characteristics, and clinical investigators w 
RT-PCR results. No clinical decisions were made based pa the re- 
sults of this assay. 
Patients were divided into -three major clinical groups: (1) no 
. cancer; (2) localized CaP; and (3) metastatic CaP. Patients in the 
no-cancer group consisted of 14 men who had a recent prostate 
evaluation and were free of CaP. Six of these men had elevated 
serum PSA (PSA > 4.0 ng/mL); many of the men in this group had 
undergone random prostate biopsy. Localized CaP was defined by 
criteria of normal bone scan, normal CT scan, and physical. Bxamina- 
tioo findings consistent with disease localized to the prostate or 
the periprostatic tissue. Patients with localized disease were further 
subdivided into three groups: (I) patients considered disease-free 
after local therapy (ie, no measurable serum PSA after radical prosta- 
tectomy or, alternatively, normal or decreasing serum PSA after 
radiation therapy); (2) patients with increasing PSA after definitive 
local therapy but without evidence of distant metastases; and (3) 



PI 5' TATCGTAGAGCGGGTGTGGG 3' 321 1-192 

P2 J' GTCTGCGGCGGTCSfTTCiGGT 3' 1420-40 

Nl 5' TGAAACAGCOGTGCCGACC 3' 3149-30 

N2 5' TCCTCACAGCTGCCCACTGC 3' 1455-74 

HI 5' GGAACAAAAGCGTGATCTtGC 3' 1479-82, 31 
NOTE. Primers P2 and N2 a 



showing the rtlofive position ol th. >p*cltK PCR prim«r». 



pry disease as evidenced by a rising serum PSA after 



fc .disease; and (3) patients 
m PSA while on hormonal therapy. 



s with patient samples and the LNCaP tumor line 
demonstrated that PSA that contained tumor cells copnrified In the 
K shown). Thus, for all samples, 
I fraction of peripheral blood was isolated by 



clear cell fraction by single-step guanldinium thlocyanato extraction.' 
RNA obtained from mononuclear cells separated from 03 mL of 
blood was reverse transcribed using primer P I (Pig 1) and modified 



end ot.ti»en» prinwrs or. po.illmwd on .irhar .id. of o 1 .4 kllebo.. Intron 
ond do not amplify genomic DNA. Tti« P1-P2 primary PCR product and 
the N1-N2 nwted'PCR product are 144 and 44 baio pair. In longth. 



the supplier (Cfibco BRL, Oaithersburg, MD). Primer sequences, 
their genomic position, and orientation are listed in Tnble 1.' cDNA 
was amplified by mo rounds of PCR using nested primers. Primers 
were designed to span a 1 .7-ldlobase intron and were selected with 
the aid of primer analysis software OLIGO 4.0 (National Biosci- 
ences, Plymouth, MN). Both rounds of PCR consisted of 35 cycles 
of DNA amplification. The first round of PCR used 25 pmol of the 
PI and P2 primers. Cycle times and temperatures for the primary 
PCR reaction were 15 seconds at 95° for template denatwation; 30 
seconds at 50 s for pimer annealing; and 30 seconds at 72° for primer 
extension. The second round of PCR used a 1:50 dilution of the 
primary PCR reaction and 25 pmol of Nl and N2 primers. The 
variables for each cycle were 15 seconds at 95', 30 seconds at 50°, 
and 30 seconds at 70°. Reactions were performed In 10 mmol/L tris 
(pH 8.8), 10 mmol/L potassium chloride, 1.5 mmoML magnesium 
chloride, 200 nmol of each deoxynucleotide, and 2.5 Uof tbennophl- 
lus aquaticus (Teq) polymerase. PCR reactions were performed in 
the PerHn Elmer 9600 thermocycler (Emeryville, CA). PCR prod- 
ucts were displayed by gel electrophoresis, and their specificity sub- 
sequendy was confirmed by Southern analysis using a radioactive 
phosphorus end-labeled hybridization probe (HI) that contained PSA 
nucleotide sequence (Fig 1). 

Integrity of RNA for RT-PCR assay was determined by per- 
forming parallel RT-PCR reactions using primers specific for keratin 
18 and/or 0-actm mRNA. Samples that failed to yield amplified 
products for keratin 18 or actln RNA were considered noninforma- 
tiye. 



The LNCaP cell line, a PSA-secreting human CaP cell 
line adapted to growth in tissue culture,' was used to 
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Fib 2. RT-Pt. , „ , 

Jtofned' 1.2% agarose n#l showing PCR products from omplificorion 
of PSA nodeoHdo sequences ui ' '" * ' " 

■ ' 'Infli.gelor 



Treated, increasing PSA 12 1 

Mutaitolie oWse (totals) 35 U 

Before hormonal meropy 7 0 

Treated, rnmwl or oecreoslnn PSA 8 1 

Treated, noreione-refroctory diseaie 20 10 



NOTE. All sample* were performed In duplicate. Control patents hod o 
« PSA of 2.6 nn/mU 
• See text for o complete description of this potient subarogp. 



define the sensitivity of the RT-PCR assay. Dilution ex- 
periments of the LNCaP tumor cells into normal whole 
blood showed that the assay could detect 10 cells diluted 
in 1 mL of whole blood before ficoll separation of mono- 
nuclear cells. Additional experiments showed that 2 pg 
of LNCaP RNA diluted in 1 jug of normal bone marrow 
RNA could be detected after a total of 70 cycles of PCR. 

Blood from 156 patients was examined by RT-PCR as 
previously described. Blood from seven patients could 
. not be fully analyzed because of degraded RNA; complete 
analyses were performed on the remaining 149 patients. 
Figure 2 shows a typical result of evaluation of seven 
patients by RT-PCR. In all cases, a prominent band was 
visualized after ethidium staining at a position corre- 
sponding to a 64-base-pair product. Southern hybridiza- 
tion studies with an internal oligonucleotide probe for the 
PSA sequence confirmed the identity of this product as 
amplified PSA mRNA in all cases. 

Patients were then categorized into three broad groups: 
men without CaP, with localized CaP, or with metastatic 
CaP. Patients with CaP were further divided into clinical 
subgroups according to treatment history and PSA serol- 
ogy (Table 2). Seventeen of the 135 patients (13%) with 
CaP had a positive RT-PCR assay. Analysis of the three 
groups showed that no men with benign prostate disease 
had a positive RT-PCR assay, whereas six of 100 men 
with localized CaP and 10 of 34 patients with metastatic 
CaP were positive by RT-PCR. Table 2 lists the RT- 
PCR results for each group and subgroup. There was a 
statistically significant association observed between a 
positive RT-PCR result and clinical status (P < .001, 
Fisher's exact test). 



Five of 65 patients In the subgroup of patients with 
iocalized'and untreated CaP had positive RT-PCR assays 
for PSA. Table 3 lists some of the clinical characteristics 
of the patients with a positive assay compared with those 
with negative RT-PCR results. Although the size of this 
subgroup is small, there was no overall correlation be- 
tween a positive RT-PCR assay and serum PSA level, 
clinical stage, or Gleason grade. However, patients in the 
most favorable prognosis (stage Al or Gleason grade < 
5) were all negative by RT-PCR. 

In the group of patients with metastatic CaP, the data 
suggest that patients with hormone-refractory disease are 
more likely to have a positive RT-PCR assay than patients 
with newly diagnosed metastatic CaP or patients with 



NOTE, Potienfc with clinlcol stone E 
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metastatic disease currently responding to hormonal ther- 
apy. 

DISCUSSION 

PCR is a sensitive technique for the detection of resid- 
ual tumor cells. The ability of this technique to defect 
minimal residual disease has so far been applied most 
extensively to lymphoid and myeloid hematologic malig- 
nancies. Markers targeted by PCR in these studies 
have consisted of both DNA and RNA, the latter requiring 
an initial step of reverse transcription in series with PCR. 
Reverse transcription and PCR used together in this fash- 
ion has been termed the RT-PCR technique. Whether the 
marker used in a particular test has been DNA or RNA 
depends on the presence of a tumor-specific nucleotide 
sequence generated by some type of DNA rearrangement, 
such as a chromosomal translocation or DNA recombina- 
tion within antigen-receptor genes. 

The PCR-based assay described in the present report 
uses a different category of marker. This marker is tissue 
specific rather than tumor specific, Its utility rests on the 
fact that cells containing the marker are highly unlikely 
to be present at sites other than the normal site of the 
tissue in question, except in the cases of metastases, In 
theory, such a marker could be a protein, a nucleic acid, 
a lipid, or polysaccharide. The chief advantages of RNA 
as a marker are the sensitivity with which it can be de- 
tected by amplification and the relative instability of ex- 
tracellular RNA in serum. Recently, RT-PCR has been 
used to identify circulating tumor cells in small numbers 
of patients with metastatic melanoma and prostate can- 
cer. IW3 Because PSA gene transcription is restricted to 
prostate epithelium, the PSA RT-PCR assay provides a 
sensitive approach to identify tumor cells in the circula- 

This study surveys patients with localized and meta- 
static, treated and untreated CaP. The finding that 50% 
of patients with hormone-refractory CaP are positive for 
PSA mRNA by RT-PCR compares well with the pre- 
viously published report on a smaller group of patients." 
This report extends those findings and examines a popula- 
tion of patient 1 ! with localized prostate carcinoma. The 
evaluation of this group of patients by RT-PCR is particu- 
larly interesting because appropriate management of this 
population is complicated by both the imprecise clinical 
staging techniques and the highly variable natural history 
observed in patients with localized prostate cancer. That 
approximately 10% of these patients have a positive RT- 
PCR assay suggests that the assay may identify a subset 
of patients with circulating tumor cells. Included among 
this group with positive RT-PCR assay results are some 
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patients with good prognostic features, including clinical 
stage BO disease" and/or serum PSA values less than 10 

The clinical significance of a positive RT-PCR assay in 
patients with clinically localized disease requires further 
evaluation. Important questions that must be addressed 
include whether a positive RT-PCR PSA assay result 
predicts clinical relapse, or more significantly, death from 
CaP in patients with localized disease; specifically, 
whether this assay provides prognostic information that 
is independent of clinical stage, grade, and serum PSA. 
Currently, we are accruing additional patients and observ- 
ing all patients prospectively in an attempt to answer 
some of these questions. 

Additionally, certain technical issues need to be ana- 
lyzed. None of the patients in this study had DRE or 
prostate biopsy within the 2 weeks before blood sample 
collection. Several studies have shown that DRE and bi- 
opsy have little or no effect on circulating PSA serum 
protein levels. I5 ' 1{ Nevertheless, it is possible that these 
techniques may cause contamination of the circulation 
with prostate tumor cells or normal prostate epithelium. 
Importantly, all of the control patients have had frequent 
DRE, arid some patients have had prostate biopsies for 
the evaluation of elevated serum PSA levels; none of 
these patients had a positive RT-PCR assay. Nevertheless, 
future studies are needed to exclude the possibility that 
DRE or prostate biopsy leads to systemic contamination 
with tumor cells. 

The RT-PCR assay of PSA mRNA in the blood of men 
with elevated serum PSA protein levels and no docu- 
mented malignancy was uniformly negative, which sug- 
gests good specificity for this assay. Unfortunately, the 
assay may not be particularly sensitive because less than 
half of the patients with metastatic CaP had a positive 
RT-PCR assay. There are several possible explanations 
for this finding. Some patients may have no or very few 
circulating tumor cells. Indeed, it is possible that detection 
of circulating tumor cells by RT-PCR identifies a particu- 
lar set of patients at unusually high risk for rapid dissemi- 
nation and/or death from their disease. Alternatively, cir- 
culating ceUs may not express PSA mRNA transcripts. 
This is especially true in the group of patients currently 
responding to hormonal manipulation because PSA RNA 
expression is decreased, with androgen deprivation. 17 In 
addition, it is possible that patients with high Gleason 
grade tumors may also be less likely to have circulating 
tumor cells that express PSA mRNA. Partial degradation 
of the PSA mRNA might also affect the assay sensitivity, 
although controls performed on all samples in this study 
make this unlikely. Finally, blood may not be the best 
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place to look for occult metastatic CaP. It is critical to 
determine whether micrometastatic disease is most likely 
to be detected in the blood, pelvic lymph node, or bone 
marrow, and which type of biopsy specimen is most likely 
to predict future symptomatic disease. In this context, it 
is noteworthy that a recent study has shown that RT-PCR 
can detect occult metastatic CaP in the lymph nodes of 
patients with localized disease. 18 Additionally we are in- 
vestigating methods by which the assay can be made 
more sensitive. 

Furthermore, the biologic relevance of RT-PCR de- 
tected circulating tumor cells is unclear. Intravasation of 
tumor cells into the circulation is just one step in a 
multistep process that ultimately results in symptomatic 
metastatic disease. Indeed, animal models have suggested 
that relatively small tumors can shed millions of cells 
into the systemic circulation, with only a small proportion 
of these cells developing into clinically detectable meta- 
static disease." The lack of information about the biologic 
potential of circulating CaP cells underscores the impor- 
tance of not attaching clinical significance to this finding 
until prospective clinical trials have been completed. Re- 
cently, immunocytochernical techniques have been used 
to detect clinically occult tumor cells in the bone marrow 
of patients with localized breast cancer. 50 ' 11 Patients with 
detectable micrometastatic disease have had a higher re- 
lapse rate and a lower survival than patients who did 
not have detectable disease. Although these studies have 
suggested that micrometastatic disease has prognostic sig- 
nificance, it is notable that many patients with detectable 
micrometastatic disease have no clinical evidence of met- 
astatic disease after several years of follow-up, and that 
not all detectable disease may be clinically significant. 
Unfortunately, similar studies in patients with CaP are 
not available. 

Several groups are currently evaluating the prognos- 
tic significance of RT-PCR-detected CaP. In particu- 
lar, we and other investigators are evaluating the role 
of this assay in the detection of occult metastatic dis- 
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ease in patients with localized CaP. 72 Recently, Katz et 
al" have demonstrated RT-PCR-detectable circulating 
tumor cells in 39% of patients with localized prostate 
cancer who subsequently underwent radical prostatec- 
tomy. Correlation of the RT-PCR assay result with final 
pathologic stage showed a good correlation of RT-PCR 
positivity with seminal vesicle invasion, capsular inva- 
sion, and positive surgical margins. If this assay is 
predictive of clinically occult metastatic disease, it 
might be useful in identifying men who are not likely 
to benefit from local therapy. Second, men with early 
micrometastatic disease may be useful for the evalua- 
tion of novel systemic therapies. A similar rationale 
has formed the basis of current high-dose chemother- 
apy trials that involve young women with locally or 
regionally advanced breast cancer." 

The extensive application of the RT-PCR technique 
to patients with other epithelial malignancies should be 
possible. Patients with any epithelial malignancy in which 
local definitive therapy is associated with significant mor- 
bidity and/or mortality may benefit from prior examina- 
tion of Wood or other tissues for low levels of tumor 
cells. Preliminary work with the carcinoembryonic anti- 
gen mRNA suggests this may be possible in some gastro- 
intestinal malignancies. M Bone marrow or stem-cell prep- 
arations from peripheral bipod in candidates for 
autologous bone marrow transplant could also be 
screened for tumor contamination. Recent reports using 
keratin 19 as target transcripts for RT-PCR suggest that 
this should be possible." Furthermore, RT-PCR may be 
useful in monitoring the effectiveness of adjuvant therapy 
and may allow the design of new adjuvant therapies, the 
intensity and duration of which is tailored to the individ- 
ual patient. The realization of all of these goals will re- 
quire identification of appropriate tissue-specific RNAs 
for development of RT-PCR assays applicable to a wider 
group of cancers. Finally, all of these assays will require 
correlation to clinical outcomes in large cohorts of pa- 
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